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This study's aim was to imptement hands-on learning of stoichiometry using the

reaction between carbonate compounds and acids for enhanclng grade 10 student's

understanding ln chemistry. simple equipment and chemicals in dai[y life, were used

in this research. carbonates react with acetic acid to form carbon dioxide (co2) gas,

which was directly measured using a syringe without the displacement of water.

When the amount of vinegar was fixed, the volume of CO2 gas generated from the

reaction was dependent on the amount of carbonates used. For conducting research

in education, the sample in this study was 45 grade-10 students, who were studying

at Nonsunqsritani School, Nonsung, Nakhonratchasima during the second semester of

academic yea( 2016. The research design is based on one group pretest-posttest

design. The instruments used to investigate the students' understanding consisted of

the four-tier diagnostic tests (FTDT), basic experimentat skiLl observation form and

questionnaire. The results in this study revealed that, from FTDT, students had an

understanding in the concept of stoichiometry after learning (Postest mean 6.38)

more than before (Pretest mean 2.53) From basic experimental ski[[ observation form,

most students gained science process skitts in a good level (mean > 3 67) From

questionnaire, students also enjoyed hands-on learning of stoichiometry using the

reaction between carbonate compounds and acids in a highest [eve[. Therefore, this

research indicated that hands-on learning of stoichiometry using the reaction

o
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between carbonate compounds and acids were useful for enhancing students'

learning in chemistry.
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n-r:n:or rfi adqairn':urdrloror nriodfrarfiu

1.2 innrJ:ca{6ro'in1:aa'u

"i--!-i1.2.1 [ 0y{ruu1rua6tjqy15vl1in1l nuu r5a.: !51]16u415alJ !5 n0uuauva {n1:0o n15

riuuilounr:rirrJfi6iurtorar:r.l:vno!Fniuorunfi!n:orilutont:voaoflnaldn:vlondour
-- J ; ,-

1.2.2 ryr0rlj110 Lru't nqt0{un[:uL $0't !lu''] a1ia!flu0 n0uuavva{n'n io nlttitjt.i
loe n15v]1!ln:u']t0.ia15utcn0!a'r:lJ0Lufl nunloo?utqnl:roaai Lou Ltn:u!0noou'r



4

J .d d .!.. . J
1.2.3 Lr a r!rr,! rvru!n?1!!! [0 [un1:ao! n101tJ n0.i lJlu']fua1:a! u0 nouuasxa{

nr:n"o nriL;uuflou n15li1!i 6iu1'uo!a1i!ivnourrrSu atuorrYu n:odru!o nr:vroao{Io u1{

n:uuonooul
)a t)

1.2.4 t oflnt*'rn1'lulr.!11a [01,0{unr:uunofl1:$uul2vlu']fl1an: $a.i UttJlrua'tia!1lu0

tnunl:v1!f,R5u1fl0{a1:!icna!n1:!0rue, rl!nioolutnnl:vroa0{ [ou ['untvu0neocl

1.3 6x!fifiu$o{nlredu
- ! - - - ;- )cv- v )

1.2.1 r.raiir.rqflovn{nr: Li uur 0nt n r:uuyrr:uuvrLo:un1:0onl:L5tJu: r:a{ U5r]1 a1:

#lLri'ud Ioonr:r{tJfrffitLrtorar:l:vnoun'riuotusrriun5oei'r utnar:yroaarloEil{n:c!ando

u1 6n1!
J .- - - t )qw-

1.2.2 n?1rl[t1t0 [u1nor0.:un$ u! tlo{ U:!1rua1:ar..lv{un r [o:! nlioonllriuuS Lflr,

n1ili1!Aniulro{aii!rvno!n1i!a ruori!n:orix utonl:moao.ilouldnlu!onAnul fi [u?An

vlfl n o 0.1 r1\ 1.t1JLJ

1.2.3 n'rirflrldufl1:ero1lri101rr rSol lirrruar:a-riliud dldi!n1i6'0n'ri6uu;Ioun1:

0ruerlirJ n5oei?uron1:voao{ou'Wnrv!on6ou'l fi nmlinrrnvr1!na5u11J0{41:!:Yn0!n1l!i

:r-ulolu n r : n o urir fl r r a.i n'i 1 riou ti u u

1.2.4 a?rrrfi{nalotorrinrioufiisionl:donon:ixn'lttEuuiiylulfllani 6ol rjirrru
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3) al:L:r-ulolunr:r'ar rirn rr
4) 'nuvn:vu':unr: rri urfirafli

5) nmrfi.:nolo
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:vu'irrar: :v nounritorunuav n:o rfiodlrairinrllrir'lotolu-nFuutJurisorfinurtjd a lu
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2. 1 nr:o"onr:ritrufi yrurarani

2.2 nr:riuufuuuf,urarvrarnmrLi (tnquiry)

z.a nr:riuu{lounr:a.:fiarJfrt6oil (Hands-on)

2.4 uru:-onrurdrlosr-r r6on q eird'!{u (4-tier diagnostic tests)
-- J i

2.5 .i1u?0uytnulton

2.6 nr:r,lrlilrm:toluria

2. 1 nr:donr:riguiSilurnran j
j k .a. )n1: r:uui2yturfl1ao: rl tun.D $ tJuio a 0oiafi ru ol ornnlrl iiyturnra mi r[Jurio l:rrn'

rfiu?fidano::r.rtr6 ( naturat world )6rfinr:rtJauuurJawaoorrar vrnnuilpio.rm-uu{rfiorir
n va

zua n1r L5uu5 L! Lr [ut-rt uavflrr!rs nol or{n rfro{u5uukirSuuirurnramilouldiunr:n:sfru
,-r..-----", , 

-:;: --
Lu rn o n'r u fl u rsr u r l l u n ! n 1 5 [i.r t rg a o r r n r : ruras o fl rg ra r fr n r : i r fiu 6 o a.r fi o! fr rifr o3 r
1 e.t 4 ) J -^n0c rli'r Iouav[run'rurtarlurno.rivruroraniriuitr6urrav6igl lirl#arlr:no6rru liruru

,i ,nronr:rud{sirr 1ld'odr.:l-uanra nr:!: vaunr u cirri olu nr: ri uuiy u rara mio c rfluu:l
d.,..-.n:vr{'ulfi'{riuufinruaulorjrrlufioya'rrnm;ir:ron:roor f,udunruflt'fi.1rurirrfir:iiuoeirl

r ' 3 e, q*.- !,
L:.n4uoU.l [!un1:ytelurrirsuulrflo:nyiln:rr:i n:su1!niiltas rofln6 riGLu nnun.l:kiiunr:
n:v{'ud.:raillfi'aulouavn:y6oioiudovr.:-uufirorfiramifin?ua.ii'uufiorirouluilrirr 

1
-={.--s a ! d--_..,:, d Jvllnu?n!!an5:5!t',]n:0ufl? rntr!! rrlu ua cr nr rr: atfro v6nur dunirf,r rar vurnr u i
rfio:ru:ruriora irn:rvlina rirhJ{rirr,ortorn'rnu aur:ooioiulorirr,nr:ldrjoraodrr
d .j e :;e - ,.ee{rJr,rmila a1u'r:0a06'Dn10.D..r nrmou,[orauavdlfr6utuornnr:rEuuf1fr'{6ur,ilrhld,

n:cyr:?rinurBnr: (2551: 20-21) ndinil nr:o-o nr:riuuiriun:vl.:unr:dro.,rylunr:
rirradnan:dnr:r.JfruT raa-nqn:ununar.:nr:finurdudugrr riuya-nan:fiilrn:srunr:riaui
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a
at..l::ouc a1n ru uacn a nuru u 0ull{lJ:va':nto n t:uu tlJut1J1y!'tual :uYl siru1t9lnuau

q tdtu1?tutunl: t!u1ru1:uuty:Jnrua uflnl!tlJ'114!1uyanaa5 
''la0uTru'tu1llnoa::

n:u!?un1:r;u!i o'onr: riuufl,ourirul,riririouriuuir.iruar:vfirirr.ruolfluva"naq: 8 n.irl
J

6',]:un'nt:uul:?rivr.:uFn nta:lla:'r{nfua n'uruv 0u)1.ru:vff.:n 9!rulvlnl,v01.! 10uruu

arL::nuciird'zu'hlririuuu::a oru ulrvrr er

aivrri narir uavo:ria uadt Q546:44-46) nei11'jT nr:io nr:riuuiurriuornran i
w ):q v .y!'tuo.: n:c!?un1: tluulyrlou'rL015v [lJ uu?0 n1:vl't{?vlu1fi']afll tt tu n ltBa?{ 1n1lu5

a.. - t !. I
toutJt:uur,[u1u1l]onnuu't']0tln!fuv19l1.l",l Louttalo!tju91ouvt{ 51Jl]tJo{?vtu1fi1asr:

-i ,)o -!lLrliirUilTd?unuro{ Iouiduoounr:donliriuuffiiirn-rg o"{fi (i) {1rri114uoflryu1
. tt - v(2) riun-sarrL6gru (3) riu:':r:udo4a (+) riuiun:rvrido1a (5) {uailuastl:vriuzua

n:rJit'rn'r: (2545:22-25) nr:njzuurnr:Goun1:aouerY{utiodnou6riotriuourudutru
,!

to,i n1:fl n.tylLuai!10': Llr ov luasva nnr:druivro roranflo u n:r rl:vnor fi'rva-nnr:oiru
- i - - t- - i<, ;

09r1ytu1YlzuLl'tn1tv] 6tJlrlt0n! n1: 15uu5 u001ru1l LlJ1.rru a!5! ua't?1 1491J111n1:Yl1{A!0{10{
e, -q . - -i, d &E

I]UUU Llr',t8n1{ 6l t Uv?L0A1AfUYrA.:r.tAtnUfl:Wr0n'r:tiUU: n:ts!?Un 1:t: UUfl1:A 0LylLt LU

. -.- ' , 'Jn15t:uu?vtu1f{14fl :u,auLrn Iu Lau tJo.:oa L!1J

(1) n:vuunr:f;!rarvvlnlirli (5Es modet) rl:vnordrurYusrordri.r;rp ;od
.x(1.i) {uaSrlnruauln (engagement)

(t.2) riurir:rouavauur (expLoration)

(1.3) tjuoBuruuavaldoalJ (exptanation)

(1.4) riruuronrui (etaboration)

( 1.5) rjr!:srfi u (evatuation)

(2) n:vlrunr:urirltXr,tr (Problem solving process) nr:tigunr:aouivrurrrasrfi
.i{

lqrJ{xu1u1J:Jn1lvu.:a0 rulJluunr:uuLoi]ntln!ry 1eI1.r "'l Loual'r!nlu!']un15Ftotrav

nr:rlflriootjr.:fi:s!! rJafikiornnr:finoyrjrolri'rjnGuuarlr:nsr-of,ulouriflrXrarrirr 1 dru

io'nr:6oodr.ralu,rqarzua lou'tdn:c!runr:uioi6nr: nrtri yr"nuyqirr 1 uarnrurdrlolu

flrpulfu rrU:vnorfiurfiori]rdoXalunr:url'irgrar nr:uri'ttflrpvrorofrldr,raroi6 vrsrd

duodrYla-nururto{fl6uy1 nrtLi uavrl:yaunr:njto,:riudrlruvrriu d.rin:rrrunr:trnr:
J , . ,J

u,n!qJu'rer1rJ1lugt0lt Ft0 tlJu

(2. t ) rirnlrLrtrhirgrar

(z.z) ?'r.:ur{uun!fuv1

(2.3) o'rriunr:urifl rXraruavrJ:vriuzua
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(2.4) fl i?nao!n1:uriiru14'r

(3) fio n:::r6o uavilfrl-F (iuna-on Mind-on Activities) rinnr:finurdruiv urfiraFj
tr- a ,acA a v d

uu3u1!14Fr:ion0fl:: Lyunr:uu tono uava{r]0!!L9r uu0unt: uu toa{!01l01Jsl0l.i }110[oyl1

. .'l a.t u-
fl1:Y,lOA0.in1n 1 fi1.r2XU1fi14n:n nctn0RllrnOllAvn10llJylMa1n14a1U t{ru0untSuuloyll

;- ! y ) d, e i ",r,nnn5:!o.ifla1't ncvll tuanrnorJavlrno1luo't un1.Jro.t t{[1]111,o!avavul t!an1:fl't:Jn'rn"r n15

-J-06u'tu n1l0n!t1u lt1lj06l1J llavn1tflnulF]0lu nQntluanu Junna.ira::J Luun$uutoail]o

u!!otLa3 nnf] u1r.J1an1:aiTin1'rx!o?usrl.Jr0{o1un1'l:..r[.r,1tnuavr!un1:[:uu:0u1{u

n?'11.r 1,!rJ'r u

(4) nr:riaufutriuioiarlo (Cooperative Learning) nrirEuxilr!!i?lioirr:'[oriu
avA

nSvu?un15 t5ul.Jtyla1 1tnul 'tLtL!n']:00n1:rluufl1:aou'tyIU'tfl1an:[o0u1.rtul]lua ?5
i J a- d ,i v-vl-l.i tLJ0.t01n1 uvrufl$ uuvllninS:!5?r nu [!na:J unrSuuov !91! [0n16LtanLuauun']11]?fllJ

i , .j o rv-a!1tnt0{na! uavnl:vtttflasF]1D.r1u Lna tFru{n! r'r Lual,]1:0a0a1tnu !oo usrnlttSuuiLtlJlJ
, a , o i- ! - - -:2tluo:1:.rtoYllrljSCaYtS aUU flO.11r51J Lr,lr!y: A nl:n O:c!! AUl {O U n nl:fl nu',tltalUT'rU l9l

i . y-
v1n']lfinu"louFt110u1.in?1nt1'1.:tl,r00vulr.i't Ln lun15 ionllr:8un15aou?t'1fi1n 1 Sx yt.t'tlJ't

- J.r,, a n '')yru1fi1an:tlayn r]fl'la9r:o?uuulnouanvru'rLlJanl:r:uu:ulJU:11]l]o51lrL00u1{!

!rvfivr6nryr

2.2 n'r:riuuirruuHu16rvvrarui (tnquiry)

2.2.1 n1M,r 'rurro{n'rr[iuLJiui.]u6rrarsurn':rri n:vr-Lrunr:f,I[61cu1n?1 i
a J- -yu1ufl.in:y!1un1:fl1]n1y u1fi 1a o: Lt [! n1:n!y1 n11!:yl't.i']yt0'tfl1afi:yt0 n i nt5!y5a

a v)- a v.i -'t0n1tHu1.J5vunt5uuLft!n!9rlLast5e.]u5tv't01,!fuu't'tylulfllaot rnuyfl5u1J?1.tfl1:y'l.t
t vq i

?ylu1fl1an: lo2yru']fi1afi\5 Lras a?1!r?Jl Ln rn u?n!0:5tJt1fl 1Jo,l1yu1fi1a9E (t'tnl 
'.l1un101,

2551:43) riunr:o"onr:riu!nliaouloulfi!"nriuuriu?i 6un{ryTarrrLid":unuro.i14ioai1.r

n?1nid?uo!roiloutdn:vrlrunr:r'r.liylu1fi1aoi tfirlr{ fiurj rflrvq!ri, 2544:75) riluryrnfrn
ea . . .i c -i 6

nllQon'EEUU!vln5vqu Lu0.lr5uu Loa!auy:0nLy'r alaa! Luri0.:y5o!:clouY] fi114uo (isuu.t 5

iv{u1n{, 2545:20) rf,unr:sirrfiunr:riuun'r: aou Ioufraounrvoiu'hirfiorirntrlfirfio

n?1!6o ttava.iIo!a1uua?.iu'ln11r.]i rfiorjrur!:vlra uirilgro!y5'o{oa:!d?uouro{ (firr!l

lLrxn:,2548: 141) rriunr:r(er!1n?1rla'tl't:01unir tr'ifleuld'?ui6nr:flnlvhjnriuuio-n
es 4,aurr?1 1n?1!5 Lou Ltnsu!'tunl:yt1.:Ft')'lr.tnoyltyn ai1. n!11un?1!irr5ouururlufLtirgvr

a- - !- v s J oy0nn0.io1uelur0.i touFt:o{n"ln1 n:crruLytnr:uuLt o?.Ltaoy115 n1:ufl11tuy119iLo.i uac

--- --, . 3! ! --aM:0u'r'ron1:u,1!t-ufi1iu!1uflirgur1ci (n:litrnr: nryyt:?.:fl-nu13n \, 254q: 36)
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" J ev- d Y "a:riaauriluriiilu? un? 1u a s ol n tY{ 0 [rUn [5 uu!:la t! 1vll.]1u o{uun5inn0{un15 euu'l''n d- - --- -n-
a 

' 
4 , 1 e)d w -l tteu

n:uu?un1:15uuiLfrorj.lruulvun15uutilu{frt50riuavauruei'lto{ rJ1nflqo untluufi?5 to:1.J

o aa t ) o tr ,

nliniu6ud{[aS lriInrruar.r Louavn:vsl0505uvlact:uu :Jn?1r anaulflon1r]''l1l Lua{n1{ 'l 1.1

, i a i r, 1
n?'uri{iiuuacIa2l!a'uYrovfrnu16uni1 aiura'lc141n?'llJ:tYl0l?u5?!10{a zln:1v}l au'll'!a

rirrrourolrirnrr: a1il1inn-oaulodtunlitdto!aod1{fitilqtra a1:r1:0doa15dorrafilfiduvrl

olnnfiriuuf,Lli{6ut{rlo uavaur:orjrhlrrfrflrXrarld (trni alrurirnr, 255r:37)

nl nn'r1r.l141l1uo-{ndrra:rjkiirnr:io nr: tiuunr:aouu!ue! ta'lsu1n':r frflu
)rv'n"' d d :uuiun't:vl1{ivlu1fi1afiiinn:uu?unl:a0uvrvrLtu[runt:uutluu LauluelLLastluulvlnuY n

vq i e nyu d I " 3
iuurarani uacn?.rur{1'Lo[du?d!?vlu'lfi1ao: {{ruu Luunl:uu r]nn1o'ltl o{a! 9li.lu

oonuu! uavli'rnr5lloao{fii u6'1rol airlntt:t{rlou'r{ivlulfilaerilounr:16orllulnrrrlfudl
-ic'isjrir nnrl1d'norufr16o r n nr:uo aolvtl{avlu 1fi1aeli lra s a 51.1t!u0.:nn?1 5?1u1]1 !ouvlFllvl'l

o ). - ! J- j 4 -ui'rfrti'lu'tuo21}.layo?n at]uaqu tuuunlutya0 na0oouunUful,llvlLnotu0'lnn15tiuunl5 a0u
Y' "' - '"'rrauo:tlLrrlrlnl:ionlrGuu;2.2.2 tun0unl:io nlt t: uuSu!ua! talv unnll6nulLou'

uuu;![a1uv1n?tLi lir,larnvaru :r]uulrirrfi'u ot-r o dr.:viltol:rl rn-rl nr: ri uuirrllf,l!n

Larcula?lrlf ltiuri nr:f, utarvurn':tLioirainin:nr5riuufwu 5 du (5Es Learnin g Cycte)

(trni alrurirnr,2551; drr6rorn Bybee, 1997)

z.z.z.t iluaiNal'r:.raulo (Engagement) r{Juriun:v{ul#rinriuulfinnlladolu
o- i

nonilrnl:Guu5 un 15uu010au t0?o0aito.l !ruu't lunn15&l 14:oan1un1ifu tvnnl:fur]1i 'l
- z a a - iqv- a d
tn::r:torr]uin?5rtox Iui:uv?'l{nn n:5t],lotSuuual rl! n0n55}Jvnvt:uua0 L! n15n:cEu

lvhinriuurfinarrralllolunonriunliGuuiolalirldlounr:ot:ri10'rr n1:ri'tl4uofl6uv'l

n1: uao{$4finr:nifi{oudlrras*aoia01un1:$ifilirl#rfiuflrurar n:i!1Mvlhn1tttao.:
- tr "- v

lxonr:6u l'!avoo n u!! no nr5! n1t 15uunltaou u0 nolnuniu{tuury tn:ul.la10!1JuFloufl 1i dl

aut1a'r

" x &,, !,
la.inonsrr no n::LrLul]uu [!n1:0v [tr2aluluu,auulnlnu tu n250v lljunnnl:uvl.i'luu,au L{

z.z.z.z fivdntquavduvr (Exptoration) rfi onrv{ubirinGuurfi onrrtlaulnuac

finriuu ovldr'ra rlunr:rir:ro ua vduvr uu':6o'uornurol firn::r n r:;ir:ro uavdur.r rdi
, .A

1o!:!airirfio airuJ:varnr:nilvlu-nriouldriuufutr?6oivlu'rfl']aoiuavr{nuvn:vr':unr:
w-imrrivarnr6ni !h15uuavailrloruacdufiriaoirro.! rxon'rini uioanrunr:nilounlsA'nLnn

nr:adorJfr rj6 voaol au6sru udfl ryr,rr nr:rarn-'lurl:uavnr:sYlrirnu

2.2.2.3 iluaivu (Exptanation) n1:o6u1u 14r.t1ufi { n'nntylit,tSon:vlrunr:fi

rirlvllfionrur{r1o uavn'lrrn:scirlrflurriu*u'l6o niy!iuntr uiorinuc n:y!iuni:oB!1u
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{qv. w ,id - !. z !
0:yl'l tv!nt:uuuaun: to Ltn'1fl1\ytYllla?1!a:Jytu6n!!:ya! n1: 14:onnn55In1:r:uui Lullut

- -i .iv d Z " - ic,
al0'r0 Luun[:uu051J1ua{vunr:uu Lorluu:o']unut0n 0lnuun:0'r00su1tauon1:oEU'tuyltlll.J

- ! ..j-
nr50i1J'ru [t{?1ru1fl14n5 na n:tt.l n150n!1uun1:ruun1:o01]'tuy [non1n!nt:uulo.: uavn?:
J s -Y Y. 3 - !a-

rlj0rJ Lu{nutua5lin?1}lau LnltaulJu?i1:?0Llavnuulo']u 1o!sva.iriuanto.ifuoEUluunno n1

v .i. J:u 1rau0[u?no n:uu']!n15 ySoylnuc ytyt't Lytlj't Ll Lonlu totoultauo:rL!nti!1uautlra
.JI-Jh

t{0lJ LU { nL n 0 n::t,] n1: L: uuflu9ro tll

2.2.2.4 iulu:raailli (E[aboration) rfi orinriuul6'oBlruilfi orurolriuufud'l

unr:uu o?: [9lu [0n']a Lunl:!:vu nFt 501u'ruu1.l?nn nle!?!n1:]r50r4nuyto.l0u rlnt5uulrl
- i ) - w a - i - z .!a! 0ra 0uu.i Lluuu?nn na10rna0!u:oL1J't L0 LrulaoytnuLa.iriuu:ou't.trou? tutuluo?1!it

-.,!,;v.,!"2!-ni LlJu"ljl.J11'/r1U t14Unt5UU LO tnOn11'.1:vln?1.:11'll1lU tUll.JUUntl UUnli [nt5UU5 u1lll:1UrJ0ltau

n1:irr:0i1t:1urfluneir.Jd1u lfir1youlid,i'fn Guuleiuao,:nrr!6orriuuas ua n uJduuuur6ofi
wt - u)srLrilrloi'uri5u *aldilrlorrarloundlornrfiouirlrlu uonornf,qiurulunlrr:iriidlu'lfi

rin Guu!'i,2fr rurira0r!n1: n:il;0f, ruy{yri

Z.Z.Z.S tur.l:vuiu (Evatuation) n1:l:y6uodl.ltrirfluvrrlnr:oyrfiodrrurr,ru'',
Z[li l]Lnirl-JlJ0nrlQnll]Jn1i[:U1/: alyt!n']llJi! t}]U0Ulntuuyll{n1: nia1 1iflrl Loyannlnltl]

flu'ruo'11tl; nin'rioy!:y rfr!ara n1: Guuiolr.tzua nr5riu!ifin1ou;i lotuoroovl#ulryoaor
a e ;" - -rTr0q:'t 0 a 0un?1!: al lrttj't lQ,u 0iun$ uu [l'aur alnfuF] 0yt't 114!n[:uulJ L0 n']a!:3 lxun21r]

rdrtotorouroldru

2.2.3 riadtor nr:aout,[!!e! ra1; nlio-o nr5 6u!iuu!eu ra lyyin?1lia rlr:nyt'ruur

n-n u r r n oiru a fi fl rg ql r rin G au ld ri r! u r n r rrr 6 o o d r l r,6r:fi 1pifi nu du a{r dr u nu uol 6li n r :
ourni0Lisraoor?ar rinriuuldfi Ionraflnnrrl6ouayflnnl:nrc.yi'rlduiuuiiSnr:i'o:vul-!

n?1tJno uav?5161vtta?{M1n11lJ: n?unur0.: yt't [un?1r]:n,:ylutrav01t, Iu.in']: t5uu5 Lon0Ml Ly-!'

ar!'rinioir Lou'rl_Juayul LU Lt Lu a01un1tfu Lyr.l [ounriu!rill]Fluu nat tnt:ion1i LSuuiti f
r::r. r,r rnrturrr:Grtufr fiisrrjlr arr:r:nriguillufrnd uayya-nar:vnlilrornrani'ldrilfiu 6n

"i.),,.vl{e {rra LyLr r:rrurt LinFtrttlo n0 ntt 15uu art-yLlpnaai t1u [r!n 15uLrnonlllr{oriullt.j1iy

rirnr:3r1or "l nu;iirind'tu sruro{ a1r.r1ln6ouaytrriflrUfi1d?usruro.ilrjdofiosioq!6:in

u-n15uuLri rJ:vaunr:run:,: fln yr-nucnr:udflrXraruavri'nuvnr:ldrniolfioivrurnr6ni61il1in

rjrnrui lrlldlufiiorJ:yrjril td (nn rarralnla 6, zsqz: n6: n:yvr:.:rfint*r6nr i,2545: 38;

fiudvror .qrlul, 2547: 56 sz; filvriu6 rnrunloi rav LUl.: 6udqt, zsc+)



1.2

Q1fl tJ09110{fl 1tnonnn:lIn'Et:u1.1:uLl!autalJ}'t'tn't'l:J:a:u Lo?'t ni a0u9l0{u1r n!

i6n r:o-n n r: GuuflrJrJ:v u nri'ldorl rifi'r rvrnin6utu uria cduoou rfiolvlri ontur ur.Ja ntu:"i

"-,.- i )
rintSt rovld-lri5fi nrirrrn uavrfr ot]:vlEitilaraouriu-nGLu

a )i v
alnn'ltfl-nts1[ona'l:vll,nu?to{n!n:vu2un1:6! ralvxln?']x5 a'}r.J'rrna:!ld'i1

_! ,",!
n1:0qn15Ltuu:n?u?r't0n:n15[:uu:uljUa!ra'lcu']n?'rLr:lJ:Jn0!o?u 5 ,uu9lou Loun lua:1.:

n?'tlaulo (Engagement) siueir:rouavduu'r(Exp[oration) {uoBuruuayaidoai!
(Explanation) nsuturunrr!f (Elaboration) uac?Yu!:criu (Evatuation) rflufion::1fi

u"n ri uuloirJfr u'6 ua c 6 uu ivl"nuc n:vulunr:rrlirtLrarafli ioiyrurflraoS uacnrrrrlirlo
J -- y, " I ^tnu1nu1ylu1fllant,Jntu!LuuntSuu ana10'tll or{aItJ9tn'l1-J 00ntlu! ltacy]1n't:yloa ono't u

Js
n"rror airrnru rdrloyrriyurqranilo u nr: rfi arlu.rorruirGr rir fiuya'n orufrldornnr:

. e! s .j " v !"
oa 0{v't.t?vtu1Pl1a n: lla va51n[! u 0 {nn':'tu 5fluu'] lftufln:r114u'tyt0'tu']ufi?1!ayoln
- ! ;- !

6U!AUU tUUst'tUt AA UaOqnUUn!tuylYlLnOtUQlnnl:t:UUn1:601.t

z.: nr:riuuflounliarfiodfid6oir (Hands-on)

nlta'on1rGuun'r5aoun'txuu? Constructivism rriurinriuuriunurinarlnr:riuu:

n:fro{2'r.:Iar!o-on156u!nliaout,i]uoeir'r6 uavdo.:'l{:rj urr n:cu?unr: [iuuuav fion::r
a ) ;-

n1:r:u!nlraouvlualnvalu srrinnr:6nurivru'161anflo rarol: niu nr:riuunrraoufrgi":oai
!-uufiui'luro{nrie!161vv1n?'r!! (lnquiry Based) nr:riuunl:aouloun''}:ttnflrUil1

^ Jt- - jv- -(ProbLem-SoLving) ion::ufflfr'u"nrSoualfiorJfrtG (Hands-on Activity) non:ruffLririnGuu

ariorJfr d6 (Hands-on Activity) rfl unliieion::rt#fintiuulo alfi arJfr r:Goir loirirnr:
- teoyroa0{iti Loyrlnliyroa0.iel'r'r.l v]1'r1vru1fl''16n5

uun: u?rurnia Q554: l2-13i, ndrzjr rindnurivrurnraoiuuvfrlfio;o"oion::llvi

fnGuuld6ouacadorJflri6ri': raioldrirnr:voao{ri'rn"l vn.:ivrulnrani6ovtfion':rrL6ouav

".ja1n1}]yrvalnvalu F?our{nan:5! t6uri
i- J(1) !lUXt anrt'l Lnalaoo'1.: 'l ua?a.:lnqr.lavltno'u1r

(2) l'flinqolr.r1 qfiiairtiorirll udrdurr.rtruhlni'n'u raiorjrlrunrdun:rorurdr
-,)
a.:rnn n15t!auu[L!a.r

(l) otaraaoolv'lrtrrvaruvaoofiLrrilutr,lorud'{tnorttac uGal riulr.rafitiot'u
. ! a j -a- w ta 4 ! a . '44(4) 1{naollar:r fluo{8 tlotEot o.!a$lnifl d{tnelua v t! luu[Yluu tu0 LU at0{a{!t?u

(s) rtlralvruloalhfiurir]ulaalrnnnlrriL!6uuu!alfi rfrrriu rar
rirl



1.3

rfiorinriuuldrirfion::rdnuruvdoclirt#leidrrnoirafirfio{udruourar 6.:riudouafioc

rirhla'nr:nrlrirnu nr:oBrru nr:oir.J:ra uavrardoa:!rioh] ion::r:dnurucd6rdrraBll#

finriautdariarJfll"fr uavfln6o durdnr:airrnrrrLiri.: uFuro{diun:ruud'rlouayfinlirlfir.rEr

2.4 uuuioaerurdrlodrr6an q 6ir6'udu (4-tier diagnostic tests)
.i-

l ra'dlJ!n1:flnu1ttulnot 0.rr.r r: L uun111.J fr1a tu ru0.r0'rfl ttL'tnoto iylfluna51.l0 {fin11! I

dr unuror uriufrriuuriluufintunlioonu!! n0n:rrn1l Guunr:aou fr'r riouriuutruvriuuraSo
e ;d " o ) a.

urln: vri'.: rEauouhl udr rfio rijuto!alunr:oon u!uairluavrJirrJ:ln1:i'on1:Gu!n'riaau
,o ; ; ; ;" - Z

uac1unaun11 [11[0vlna1otna0!11\0un!11o!n 5o{rrlJ'lJ ''] o n11}][1J1tn0'] ta 0 n a a'r0r1Jfll.J

(forrr [rcr Mrrltinle Choicc lcst) Iourilururrlr-orrur6ofirriufinrcrnrrru{rlotor{riuu

n:s 6'u LfiriGu!nourirn rr.ltuau:u!nii!futohnlrrl o ! ri'r 0'r rr or"i rAo n ua stvn zualoroldoru
,".j

rIilorrn n'jr n':u<jr fr.:aoondorrillruio-uto.r Sreenivasutu rrav Subramaniam (2014) fr

!1'r0 rnn^1r!5L!tru!a?lr.rL{l Lita{tn[:L! Lltuo!qot]nnu1 tnuln! Lausv:.tuttu Lou

;. - Y . - i !a, J -LttoirilL daloLfluiilu?u 25 ta voaoLn!!ntiuL 140 nl-J t.tytlj't'tt0a0!rnJlJutlutnio ilr0

fifirr',r:,avrrjt olur rr: nu:vra'jrrrir0rrrittfr! uacrvert'ra loui:voi'rnruriulolunr: t6onflo!

rilutoaorn:cfiul#ririuufinr:ri'suu1n11!6ouavri',l#rfionr:iozuauac!:vriu0{aoeirli
' Aa ;

LJ',rtto00 uayv:1!n?1!nlntnaou'tunl:fl o!firo.ll]tolrintiuu

2.5 rruit'ufirfiua?lo.:
.- ;;

2.5. 1 {'lux0uvlrnu?to{nun'DQonll[iuuStruuAu[A1tv'1fi ?1]Jl
;,:,

fr:rslrunr:io"u rfluoruturrnvut'lr nr:4fl nr: !:uuiw!fi! rarcdrueilrairLlll

- -o .j -,r v-a j
rinuiuufrnrrr.,rdrhrfru?rY!al!Suavnr:rrj6uuuu.Ja.ttoiaar:hit'rLni1d60lfru rdu

r1 :rrytf, uuvt viu (2558) nr:fi nurlIurlfi iruroranirEol ar:fi rll ua qa

loun r:lEuuiuwf,rrarv rirra:-rrinriuutvul-tul6nrgrilfi a fidunounr:o-oion::l s rYusrou

"" !, i " . Z ! . X
[oun {ua5rrnrl au Lo duail:']euaBnuvl d!00LJluuatant0al! tuljUlun?1!: 1Ju

!:srfruzua 6rourrfion::ilurYurYuair:ror',at6!v't tdu n'riAnur1n:lairl:cd'!Iurana Iould

ulrdraorln:rail.ilrtaqa (ti,lodet t<it) lr.iu-nGaufinurornol6!:vnolto{rJ:fiu laru#{tnsr

Slfirvfiouriavuornrirrriutorn:oo;ilu a tio finur1a:lair'rto,in:oovfrIu cirrur,tr.jluavra!

fllridu nr:rfion'uorlrlhei (nrvrfi z.t) anr:io-uruir rinriuufitd:nnr:ionr:t:-ttuiutttt

frlrarvfrovuruurTuGraa'rriurarnirriouGuuoejrtfiuhcirn,rufi:con.o5 riat:-urrirotllur:fi

fionsiora:rr;:n::rErriovrlduri n:eri?nAan nriluloto:n h.l:fiuuavfrfro a1r.ra1d'! luGo':
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frfiorinGuufi1lul6 vr'narorn6oulrnfiAo6ortluiouay 36.36 rn:rvfintioutrronll!a1.rr:n

lunr: ltrtonrud'rfiu6:vv'j r I ruqfltzua

[ruu6i1ao{at{airslrLmqa (ModelL kit) tro{Tdt6u

o6:itqi rvrulanr (255e) tdfi nurnl.,r.lfr..? i1vr'inl:riautrolzuaa'lqvdvrlnt:

Guu nrrlfilvlolnuosrinliuunonr:6',onr:GuufrlJ!e!rAlvi?X.lfilrlnlGuu 6":odr.lrtiu

Golorqruav!:vIu${!o{61E loutu{uiir:rouayduur (Exptoration)1#rinGuudldu6oorq

uavr.l:vlut{tororq 1fid'u'u6fi'ld'rg6'nun5orq irf,rvrrilunriosqn!lnri (nll'fi 22) {nir
finuiuudoral.lora{orqtolourosturlr:rluavrrur]:criuzua lf'rinGuuo'l4rYulfionu/nor.l

rfi otrir6oorquiofirgd'nuniilqodNtooejr$afi l lou{ourio :1ifi ll:vlutitolorqrfu 1 riru

lotufirorolqnounuocfrofl#uaoltl{ PM-etement tto.lstu lol urinuno! aru?u t ors urifir

molhiqn6ovrfluluuluo.i nalri'u nlir nr:,i'onr:Guu{urtfirrarviunnrnilvrrtfifin6uufi

nii!fii?il{rv1{nr:6uuoglu:;6'r'l!runars (rirnr:l!6uuurJa'rto{n?1ilri'r?il{lvrlnr:tiuu

rvirriu 0.61) uavfin?1iln'iflo1ofion::unr:donr:GuufuwflluarcirrLi'! unlog'[u:v6't6

,fod,f,ouo..,nrquflu:lnflo rfioutirulfiouzuan6'u*av n:v{ulririnGuufizuaa-lqvrdrr:nr:Guu

rirautttunr:riuur:rndu rfi ol#n{rfi r,aa-lqvrd4$fu

.-l4r

nrufi 2.t

n'vtfi 2.2 fiaodr.rdonr:r6uuf (a) n6io{o1q (b) nr:u::prqlun'l11no'lq

I

I l:tl Illrrt
lllll

rtrl



dorynrio,rfi'u
lllfiw
9D
n'I211

l7ao

\" -^drrinivrou3nr: uuriuu'i;Ysqua:rtorf, W. 04lP rs

r.l ri r r fi o r fi E (zssq) ldrYsl u r c.r a dr q vr dv r r n r : ri u u u a v vr-n uy n 5 y u i u n 1 :
.> ,& a y )vrl.rlvrtl'rfl 1an5luut 1n15roiun!tuuo'tuna n:5!n1:r:uut u!uat ra,tr1/l,tnlu5 r50{a1:!nrl

uasnr:r 6uurr!ar Ioufi on::lnr:riaufirlun:vl'runr:f, urarvyrnrtrf (tnquiry process)

-v J ". , Z
ltr'iuoounr:ojo ontlx 5 u'unou ldud tiuairlnrruaulo (Engagement) riudr:.louacfrufir

(Exptoration) tYuoBlrt,uayalriaa:U (Explanation) rsu,uurunrrrri (ELaboration) uavtu

tJ:vrfru (t vatuation) 1oufifion::ld.lralo S tofion::l fifion::rLraa-nrflunr:yoaol rdu

rflovrGor nr:rr.lf,uuu!altolar: noaorriol nr:rrlf;ulur.ialyr{n'runilruasnltlrl6uurrr.Ja,:
{ --urrrnl aanr:io'unuir arad'lquitorfn riuuua"lr5uu (mean = 16.19, SD = 1.79 )eln'jr

riouriau (mean = 9 27, SD = z.ot) odr.:iriu;irdrgvrrlafrfr (p <. 001) uavfinsuuu

arrr rrrarirriiu 13.22 AatLl)r raioioaay 50.85 loutofion::!nr:Gsuiull6urarv
i ,J . - - - y - - -., 

t- 
. - -111:1vr, rPl'ldel: t:Ai dllUas nll tll aLUu!An Alu:llLntiU1]tl..lJnLtJfinu1!y 2 :.]lltvAytnr]1l\

tr , t ) :_ -E1ll-2 rwrn! 80 15180.96 r ra.:ni1tntuyMm:nru11 75175 !onnlnt un15uuul flnuv
Zen:vrrun'r:nrliyurflrafi5{u!:rurnr:ra6ootjlurnruri6 G.zg arn 4 nultuu ySoiouav

81.91)Ir,rurnrus{nauuuioaav z0 fiu-nriuufiriruuaylririru6ol{luiouat 76.93 aay 23.07
t!., -n1!aro! 11.:u un r:uu!a?11u.:yrolodrunru rrarLryaruavdru!:vlutritalnr:o"onr:riuu

.;
rirutn iion::rnr: 15aufultdl uaryyrrirnurnra niraAu 4.30 LLau 4.28 filaulu:vo-rrrnfi.r

a0{o'ru

lturvr i lur (2555) ki6nur uliul rfi uunrrlaMr 01un1rAoi rn:ryriua c

:-x-6nu'rrrJ:-urrfrolarafirqvrSnrrnr:15autor tln15uut'ul-oulfinurtlfr s frliuuloruld
. ; c .t dn:u!?un1:a!ta1yvln?1tJ:ulllj 5E 51!n![Y]nunnr:Qou0.rurJi rJluyrflu t:o.i [y{r'll Lr]r.l

: v v i r r ri o u ri u u ua s ra a l ri a I 1o I fi 1iu o ou 6 o 1 ) riu a ir ln r r I a ulo (Engagement)

-, " .-.J
2) 1lLd t5'JdLtavnuv't (Lxp[oration) 3) luoo!rutLava{t0at! ([xplanation) tlacLruntibu

io uarr:drrlul[ai uu r rS u r eiro'lrju (Hierarchy map) tfrnr.Jaruilo (Ctose-ended list task)

o) riltu'ranruj (Eiaboration) uav'tfrinGaui'ouzur.rriu1ufr'nrjul!riurdrd'!cYu (Hierarchy

map) tfrorJaratilo (Open'ended list task) S) qiu!:vriu (Evatuation) zuanr:id'unl'jr

nrrlarrr:nlunr:6oirn:rvilto.rrinritrudufouufinrrijfi 5 firiuurirun:v!?un'ri

a!ra lsv'r01'u.JiLru! 5E:'r nuLvrnunnl:iou{ual{t] Luvrq1] $0{[T'{l,hrn! ua{L:u1]6{n?1nou

--.j - 4, - ! -[:u! a t]'r irJuueltn qlvn{a0Fv]lu olj .01 [avaraa qv0vll{n1t t:uu1j0.i1.tn L5u1.tt1.JtJoutJfl nu1

{..i u u s v . J
ilfr I frrit.r..rirun:crlLnr:a-!ratculnlr!iulJU 5E irlriurvnfrnnr:o'ntlarualulufiai tSol

[v']r4r unr: va l15uu4 lnrrnau15uuou'r{ uua'lnruvt1{a0Ftvl:vel! .0 1

khanitha
Rectangle

khanitha
Rectangle

khanitha
Rectangle
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nrraqr kufr8! uauraua t"eriliri (zssz) 16'finuraaa'lqudvrrlnr:riau ri.:rair

artrrrirlo uav6nurnrrllfirnolotorrinrEuu t'urToolfinrrtfi o riot ar:6r1:irana Inal{
nn fll:llfl'r:Qo n"E t:uu5uu! a! talculn't1r.r: o'ttuunl:Qon0n:l!n1:t:uu:LnuLtn1500

nr:riouiuuuiurarcnrnrrri uil.rriu s n'unou 6o t) fuair.:nllaulo riJudunoufin:
- i - i.

uucl.t'l!yl[5uun:o n 0fl:5rJ tn01!!0,14't ylljy]?un?1!t: tn nlu!o na nlM0v Lnotu [unl5

6uunr:aouuavrirr,tuorulrurru z) ,riuiir:ro uarduyr riuriunoudrinFauuriavnuoon urr
,J - 1 c , Z

n15Ifla O.:t 0{sru !a n LLa u uan Ll ta uu n11lJno Luu n150a n u!u nltylqa 0{n1u [1]na! alnuu

fn 15 urrir riu nr:unaor6': aouror 1o uni riluljuucdr uavtirur uar u avo'l n 3) riuoEuru
e )ae

ua v a.:rio a: ! rinrSouriuvr-nriorafikiornnr:yoao.:ttasoi!:ruirairun"unrulundil
-,y
4) rirturunruf rin riuuuriac nd!rirr6uoaralrltorn!ro.luasoi!:ruzualrutorndrL6u uas

5) nliu:vrrJuma n:uavunr:aui'llriu a:! zuanr:roaol a:rjrlruyrfirfiot'ulunr:yoa olua,
z,

t0 Lauottuc Lunl:y]oa 0{nt{sro L! rJan1510uyt!?1 ya{nr:no n0nii!n1l tiuuiu!!a![atyu1

nrrlirinr,Suudrutunifinrr:r r{r1onn6'olrrldruuavrrlrlonttLylrufio rfiorrilar:6tluranan!

ruozuafiafiaulrirnoru-rrtluryna,aiurjufiuo',ru odr.rl:6oru nr:riuuifiujrrrinriuurilu
. i:-, .; ^ c - )

fluuna1.itj1nt!urJa?Lt?u t14u0[:uu louant!au!n11r]nntyun! t our]1u Luna! n1:LoanlJo
o yo q ) ia tr i ! -yllnltyoaa{x a Lyu nrsuuau Ln ua vL,til L0 [uL5 0ny]r5 u1]tt1nu.i1lu !0 n0'tnuuytll'tytt0in:t{

rfluri'lurirn'ryh:nr:o'onT:riuufloern:ocoiortlinr.trraulouacar!r:nnorrirort.l.uolrinriuu
4 - d f, oov- < a o i

r!or.r=nriuuuiloarrrl6.iar-u frinni{ririnGuuriuufoeir.linmlaur1udonir!uay6u1efrov15uui

,J1nt!
i,1:ulj rlJooo1.r uavrauo ilaXu,j QSSI) kil{uua nr:a ouiEn:vrrunr:Fl ra rs

rur.rllullsu'r anla:!n1r[:u1.r:rJo{finriuu 16or L]:6u neirifi6nrgrrflurinGeu{1r:iou!finur

-iifr o ara nr:io-o airun r:i rn:rct,itor.r alo u n1:u'rrirra6 uio u ac druri s rruurrflinl! uas
tt

iloaouFi'rfr ftani:ioiuyi!'jl l.raaitlqyr6rl':nlrriauva"rriuu4rn'jrriouriuu (p < .05) vd-rnr:
-isdtiul.Jo1u ttu?n1:a 0uioniv!?! nlid! ralu tt!1-]rLuvul un tiu!a?u!'r n!rL[ulnfl ri0{ L! I Fr!

v ; ! n ,a - :- -nnd'orufirfir rfior!:-uurfiar rir no!nul.J uonorn! unr:uu n?r!n.rvru1,o.in?uioulurvo'!
J, o "ivrlt11,{0 LQ tu0 r?a1a lu hJ 2 dUu1141J0.ln'ur:uu 01nLr!lJvrfra0!?oo?1xr1r'lL0lJoL11an1n

rinriuuri,urrnlriarrLrrnrrnnrviln:.rair.:Ll:6uriouuavfia'itrla.:antvrld nr:iion{.rd

r-l.rronl#idr n:siaourninr:inr:6'onr:riuuiGar LJ:fiu lourriuhhinriuufinrur{r1o:volt

0arln ''rntu

r! ruo r arlvliao (2553) tddnur uactlicr! 1fi uuzuaa-!qvrdvrr.lnr: riuurtau urlfi

fiaarorn6ou6o.: grJirrllraqalntrtausisirunr:i!tarvuuttuucdrfi!nT:6urarvdrriolr.J
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v{!?1n1:or-on1t[5uu5ttr]!A! La'tv1r1n11l5o'luiSnll ill rarv uul rruvrjl (Gl) trasnl:e!La1y!n
d J X - d -.J L

a'rri0:1J (51) ?1J1[nrr [:an :!:'t{ Ur[a na [n r?ralnra.rUnLiu!.r'u]liurJdnulIli 4 r{laol:r]uu!
! "1u- - j durl vrlLlrunL:uu! aa!q Eyn{n1:nuuya{[5uu6.in11nou15uu Loufnt5uunal Gl !

-:ruaei'rqrBr')in1:15ouua'lriuualn'jrrinriaundl st odrliriucir6'19urlafififi:vd'l 0.05 uay

nrrrunu5uunal Gt !n?'ru fi1?uf lyrl nr:rirruo u [u: vrht High gain drurinriuundu Sr fi

olrrLrirrradrurrnr:riuuoelu:zriu Medium gain uavrinriuundl st fi uluufi fi na.torneou

arnirunrSuun{l Gt yrnrLlur6

n fi o r fiu u v n r ru o rj ua v 6'n d n:- q n r u: (2 s 57 )'tdn r : o-o n r : ri u u iur u d I ra r v
a u - .J:rrd! u!u rr-J5t,u rfr u! rfr oI-qiur! [urLdyr liy o rnr an i rialo'n:rnr:rfiorJfrfiiurrni tol

i,,, d d,; - , lr.'a i, e v q E ,;
un r5 L l.r1ilrlJfiU finu',]ljyt 5 Lru [tn0 nt5]]fi'l[rJ dodl'] r!a o nr|udn n::l]luriultiruntu5ufro

oB!rrr,.,Jaro{qtura4irioin:rnr:rfiorJfrfi3urrnfi IouururSotrruJsonhJ6'rb,t 2 orurani
,!-, 4 !" - ! ; -.e !(n1 ar) r!aot1't[Ua0n0yuorn00nrJlntut!tu!ryru1-Lon!n1try{}.lotuunr:Lval{uosyrlv

,11 " la - !0UliF'r1r0,ta1'nu1,ra{{1!aaua{t!t!a0t-tntn! a.inru0aulrndunoytL[onratuniur:rniu
.+ * . < -J!0ntu rnLitlJu Qtnntrq nulyruttya.lnt:0qnr: Lt ui.J5[rd? unLtuu n.]1tlLt1[nrJ Lur.]s\r0nsto i

rfilf,llnrlurF a-,rrnnldrrnrlnriouir:lurLfififinaoar uaor.irfion::lnr:riuufulra'rrarv

iunnurrulSur'lrfiur rjr uaollurfififiocJ o w"n rSuuar'[d rflou:rr rnnr:riauiu!!f,! rarc

:?tJn!Lllrt,urylutjrtjo Ian1a lfiunr:uu [oa1ry1ri1r]o!n'tun?ro,rr.l1!n:u!runr:Irliyurnrani
- t, - .tu- - v s -Y : - ,

0nr.ru.i'u')u LyunLluu to$uu:r LurJouu0 ur{rlu:li1:}.Jr.l1nd! o la.lna [yr]nu5uu rnon?.]x
v, - ""-", .

ri'il',rr:Iursili 6nr.,i.:rirrirhiu"nriuukirfrorlur:yrair ranrr..nr:nlfrrfiofiulufrinrJ:vdriu riur
.J - -,-- - .- J e ;.an1:an!1ua01un1:fuuu ua uu n L5 uuu,:!1Jn dr.tru0n! r 0u [ou n: r!ur.]r.tyu1vlijlu.t u

n'r'r!ravo'tn oua uauair.luiiolto lriuririnGuu
- -J-iriu ard uac6'ndri anru: (2sso) tririrnr:finurrua nr:o-onr: Guuiullf,u rarv

j-aJ
yll.rlyltJ'rcl raotll!nun0n::! POt 't't:J ao0rJad!tlynyl.ln15muL[ut:0nao51n1:

uiorJfifiiurrnfi riayalifi?1)lranau"luodr.:1: ornnanr:finurnujr finriuufizuad'rLqvfvrr
- ; ! qu c ,

n1:[:ul.JLn!a lt! ttao.i [y [14u?1n 1: i on0 n:5r.in 1: L:uu5 rtl]ltd! ta1uyt1.:ay u 1fl1an55?}ln!
i-!t

n0n:1l] POI- vl1[yLnt:8Utnon1o'llJL!Lnnouynut:Ul]tuoy'lulJ.l [Layyl'lLUUnttUUoU']n:

n'rno!finronc ruli

Remziye et at. (201 1 : q8-08) ldfi nrgrn at o{ nlra ou r[1]1f, t rar;urnrrriri o

finus nrvl'lunr:yl'riiyru161a fli[ra v lo srnfi rioiv u rarao ir oliln ri u u:cri'udu!:vorr6nur
da

!?r!nmul.l11ttuuo1unlu!?un1:a!raluv'rn?lLr:lrvrnusnSu!?unlluay[00nflno
- .- g
lrurarafi i rfr u{uourlr:rlueirn'rufr :c6'r.05
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Yang and Li. (2009: 506-5 1 3) ldfi nrcrn't1!a1rri:nrtfif, ruulra.ifnGuuloul{n1:

vo ao{ r[1Jrl a! raiuuln?1 irt]un1! ri olnr:yrrJiurruttna 16ur]ttacu! nfi16urLluJrn:vrirr
;-

r,wrrrinrEuufrrErrularu'Lrinr:rnoa oluLl!e! ralcyta?ruirflurru a.ttJrin ieruln?..r!a..]!.1i0
)- v

1un,r:uriflrgrarfrd'udauld finriuuar!r:n6'1rr'rrona.r:{1ui6'ufirfiu?{ar aanuu!ufiao!

t..l:vriuo.ra riufl ounr:ytoaoluavnr:r.Jfr uTnr:yroaa.:ldriJuodrr6

Sanger (2007: 1035-1039) kiuJ5 u u rfr u I n't 1! ii yt u 1 fi 1 a n i s y-r rjo tdu ri

n?M4r.J'r[L u uffa ar6nar:looooin fi'ufifi'lrrac n']:iy[14u uavn.]::.rxn-x:uu.ir{f1fud!;1
;. eu i dtonL n[: u1-Jyr[nt lJ n 1: Li uu! uL! au ra 1sy1n?1x5 n!un15 uuyt[5uud2ui5! n6 r,{tiravLLul.r

v) - - ' 
) -'n?'lut r:0nn11rJlru'lrruurJo11lJum nn1.i0u't{!!ui{1nQy1{a001 eilu5ur?ljoou1 nsuuutQdu

to nin 15 uufildirr n.no-on1r G u!iu!L.leuIaluurnlrlSfirirrLrnn.irnu ururaeuro.ifn 6utlfi

t:tJ1l l9tu?illnrl

z. s. z .r rui iufr rfi u rdo r fi'u n r : a I fi o r.l fr fG oi.: ( H a n d s-o n )

ofrriuri oiuvr:r rau6:s 'tgi1,!:l (255a) loiairlqorJfrffinr:firriunr:rJfrl-6oirrfio

r[tuu']nr-r!rt'rl-nulr6o uSoroorn!dnaruLrattacllLrr:uoin?r!rio g orninn:!u:rrirrl
!-(n1 f 2 3) I rnrr r:id'url'r1 n d!!:ur I nifn ri uuduril al6nu1ijfi 4 ii1!?1r 190 nu rtau

!-ndrahodrlrinlSuud'urioul6nryrilfi + sjr!ru q9 nufiriuueirutorJiu"6nr:fiuiunr:rJfrrifi

oSrldi'l nr:vrora our-onrurdrlo uur6oriouuavr,r6lnr: riourir utorJfr116 nr:fi uiunr:rlfrr-fi
id

o5ruJ5urrfruuzuad'uquimrrnr:15u!6runr:yloaouFi'r t-test uavirn:ryftolarfior.tr
tl:vfivir-nr,troltronr:aoudrurir E1 E2 ilanliiiuvrl.jrtorJfrrifinr:fiuiunr:rJir-firilfi

rJ:vFvirr'rn 82/SOT5dr5r,ufiriuurirutorJifFrr:fieirlfirrfir,aa'r,qr6vrrrnr:risurfir,du

odrrfifereirdrufi:vd'l .0t uayfiGuufinnFn::lnr:Gt uid6fiu'n
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NT flUU

Htln1

f,t9BUll

nqlff

.l ..i

j

m!l$flulJ xntr&ul.J

nTflfi 2.3 iorqgr.Ju:wirr 1 drirut',lu4udnarllra

6n iini qn rrs: uasiru n r atil a1 Q554: t 55- 1 62) ki6'o fi o n::il n 1 5 G uu itfl1.t

rJfrlGoir ufiovliouur ronnfisioiv ornrami*avzuaa'lqrfvrlnr:6uutiolnr: ul6uu ula{ar:ras

nl:Lruna^r nqrfi'rodrrriurinGuusyu!:vo&finurtfi o n":6rurdunirvrujr zuafilqvd

ua-rnr:i'onr:Guufutunr:rJfrffioil (Hands - on) finrradu 22.69 $D 2.t5 ) lourfixrorr

2af,:rqvrdriouuiuufifirirradu 8 44 (5D z.zz) iasluavn uunrrlfirrudl 14.25 $ia

iaaav 46.67 ornnr:iln:rvdvrlafrfr6'ru dependent t-test rl1.1'j1 zuaa'r:qudufitGuu4ln'Jr

riouriuuodr.rfiriurir6'19rrlafifi (p < .05) uonr',nd rinr$uuu-lfiroqnfirioitrivrornrani

1u:v6'rqr (mean 4.68,5D 0.50) uasfinruarlr:nvrl6'rufi'nrvs n:vlJ?un1lvl1iivlulfilaai

tu:sn'rd (mean 3.75, sD 0.77) o rt tfi olor n lfi o ri ourin riuutril6'rio oli'rlfr rjfi io n::l
A-d

n'r:roao{ rfrofn 15uu [o allo!f,!slR0r5:1]rttun r5!fl!ela5 i (Hands-on )0 iv]'l Lvun tsuLtnFr

nr:6uLi finr^rauto 6u,6'uour.iournao r dlzualfrfinvuuura6o'[u6^uvt-nuvr:sllu

n',r rr']orr o'.ra",orioqlurn ruri6

o:irL!EU rirua'r uol (2554: lvr6'0uo) ldfi nrcrnr:1{nr:aouirlurJfl rjfi oilrfi o

^. u. -i - C -
fi'auurnrtruirloGo:;rJirrlr:raqa tolfinriuu:cd'ld'urisulfinurtJfr + nrrrzuadlqvrB

urrnr:6auu6'sEuuqin'jlriouGuuodrlfiriurir6'19 finriuufi n:vlrunr:60 uavri'nusnr:
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- .!
r:uutylui'ru J o1u no rnucn'ltd{rnfl n1:itn:tuli uacnl:6ood'tiu't140r,la finL;uuin?ixi - _- --- -_ -'--

Yl{'v1O LOflA n1:Q O n1l $ Ul.Jl UlJ 1J lJ ! lJ ern: { A q [U:cdU!1n

qvrBnr :hnvuJr (2550: lyri'odo) ldfi nurnr:o-ofi on::unr:riulffi uiulfrqiGuuld
- rA.A - a -a.:!aul!nn:{t:a{?ylu1fl1anl La n Ln0u:cttJuff't11lt,u't Ln10{un[5uu naltsl?0u1{[!utJnt5uu

ioilynn|icnrr6nuruas!"iIr.tfi-nuryr1ln'rnryfrofraulo15olirurrranflan il'ruru 20 nI
) 4 4eA y - e. a ^tn:0{rioyrLt n0t0a0u?on11u11'r L0 [:o.l?ylu'tFt1ao5 tan (GCl) Ha n15?au111J1,tUnr-UUr]n,t1u

vq ! i - i , a
tt1!n tlrl.rt u0l': ua3 trJ01J:v Lltu'U:sayt0r 1yllann i fl::1.Jo? u Normalized chanqe lw't1lln't
a. ^^.) ;eqeed Y!"". -ltlJU U.J1 t.ilLaO{ Lvt1tl.J't1n0n:tl]ytLuL Lltr.lt:uu toa.i 01ll1-l9l0l I LlJnt.:LJyt1Lun?l![tJ1L0Laa u

;! "t 0 i r't L5 u 1r trl]lju tu:voull1una1{

a t"u u fl :"o il u d l o ia (255 1: I vr rin ej o ) ldfi n ur n r :rir! u 1 rn; o { ri a u ua { e

uwfinGuuariorlfrlG (tands-on) firy:Lrcalri'!anlrro.ilio{#uu:T6u!finurlurJ:zryrflhu
- - c - - a,r

uauf'Q n:5l.] n1l $uu:tt1jlJzu[:u1]l.l1Jna!11 na]J9t10L',t.i LoLtn!n t:bLyru{tu!n urlrinul!yl 5

riru':u 151 n! ,ian15i6'uyr1r'ir ncruufiioriarluas a'{riuunorrinriuuvr-.: q fior hiin'tr!
runnrirroairrfiriudr6'ry ryii'o6.nirnr:r.l:vriu :afrrEzuato.:lruio-o:rlyil 4 rior Iou.iruio"u
!, qv- o - "1q I ; ! !- -ildr alri'rinriuufr nruuir Lolurioy'lrfr r{u uonalnftInrioudlinrua'M:nuacn?rlLn.id'?

-ilunr:l{nru6o:i!uooLfi on1:rrdf, 6uy1l'rn6!

tTr : r'l : : ru r',r n,, fi (z+a' I vr d'o d o ) kifi n ri r a a dr q yr dyr r r n r : rE er u i t r
i - i 4i

?vlu'rfl1a05ro.run15u!rurJ0urJflnurifi t Iou'l{:rl u!! nllaouuuue![a1ry']n?1!i10u riu
! - - d,inl:ilnnln!lln natlnloul.rvlLtLunlt't0u a0 unt5uutuuou finullvr 1alu?! 49 n!

i-hanlii-d'urluli n15aulnvuulr.raa'rqvrEvrrrnr:riEu nc uuuFnrrinru rtrlorfrurrilyr-nus

fl 1n!n !nua.i tt u1.t6{ n?ln0uH Uu

4nr15 ailvr (2551: rvr6'oda) ld6nurfi on::rnr:vroaon6o.ini'rxiaurirhiaar:

ruj6auurla.rlntrl{iaootir':.iru ndun-rodr.:fi1i1un1:iiu 6ofinriur{ul-oulfinurifi z

riruru 37 n! ruan1:ia-ulmdr rin 6ouiraa"rnvrdvnrnr: Guuar n'irdo!risu zuanr:tj:sriu

[onnfiFioirlavlurarasrioulu:cri!6r:rn oiriu nr:6'ofion::lnrivoao.:dri']ulil'lfirinGuu
i - i - v -ia, a

!rJaa!ovl5vt1.:n1:t:uua{tullacta:ra51n[0nnny]o910n'l:t5uu'lvlu1fl'1691:

trU'ru1n {oufi rru (2550: t.Lvr6'0do) ld6nurnr:r'slurfi on::lnr:voaol6ol

nr:voao!n?irrfl u n:o-rra ro.ia1:rofLuiiFrrJ:cdriulnt'rldiuFr,nrnoi'[ui'olfrl ndl
- . .|" l:' - - 4i-
gt,t0fJ..l.lyttt Lun1t,t0 un0 unt:u1.ltuLt0ul]finu-tlJyl z 0.tu?u J0 Flu tia n,n?QuyllJ?,1 !nt:uuu

-4zuae'r.rqrBv1{nlsrierur,la"rriuuqrvirriouriou Llavfi011lfiiflo1orfiornnfi'u;r.Jul!n15ao!
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tflnunnl:aou n1:!a?u:?r.t Lufl't:vlflaon m[:uuaM:ou']n?1x: LlJ Lt tut?q!5vd1au Lo ouLu

lvolJo!1n

Wright L.J. (2008) 16'tdn n n :i! n 1 iyr o a o,i 16o rIil a r 6 sr' ua v'ldiao qrJ n: ni

-!-n1: oa0na:'lran1unl:u l, unt:uutvo1Jt1.rrJ0urJflnu1n01,l9ru [oa{!ouIUfl uavu6o!n?''l:J

6nrfiu rirrauorio4afiki 6uu'jrnr:firinriuualfiorJfrrjfifion::lnr:yoao{uacinr:a:
J - - .a

u1[a1]010!auu untSeJu6'r]]1:04:1.i0{nn?1 ;lJ:1Jflltas0']5tJtuyla1tJ'r:0LrLunl:r:uu5Lu

ournqrl6

Smit et at. (lI,ga: 2528-A) lddnureraornnr:i6aoufi in:ufi.lvrolorioarafruqvrd
4'-vrlnnll riuu?Yru'1fi'tanlt0{unr: uLYrl,ot!n'Ea0uulJlJlJlt u'ru rLlJ!ai:.t0LlfllJOo?unur0{uav

J -,-* 4.-
11.i rrulJLilSu'ru ttauu!!ail]0l.Jl1Jer a]a n1t?0u11lJ?'1LlnrSuuv Loi!n15a0uu]J!ai!0ullJOo'1u

i - ,!.
nur0{1,]Haa,.l0yl0yl't{n'mLiuuann?1Yria0.irr1jll

Xiufeng Liu (2006: 89- 100) ld6 n ur zu a n r: n r : ri uu n r:a o u ull lJ uau ei-o o u

(Hands - on) adorJfrrj6osliarfir:nr:6uuio1nnii6il.ru!!iilaor'[unorLfirrnoiGorn4tor
o,)nlt (n.in'ltvoa0{) a n''}5'tn uY{1.J?1un LSuu:.Jfl3[tuuuantSSua.in?1n0l-Jt:uu0u1{!uu61a 6u

), .05

-u.j; ;" - y
2.5.3 {1u-ouvrlfrur{o.:nuuuuinnl'] r{'r'Loerl[aonaa-1oudu (4-tier diagnostic

tests)

0futa tleruugr: (255u) !ofl nu1n1:r:uu5tounlla':!01JllJo0l{ Lurtaana?'run
v)-tJ,
ol utofll:roao{yl1l:Jnun !.t'tilnn:30'1u [ 0a{La5ua']11.rLl1Lnt0{!nt50u Ll]?t1tn! flnu1

n?r Lei{oro{1.t-n 6uuor n u!!flna ol 4 eiro'utiu (4-tier multipte choice test) r]:vnoth.l
- ") o q o - i q o J ora

0?t rilno!:so!n?'r!!l,jLaLuri1et01J Lvsttua 5Y91Ln11 !LAL!r14Fl A rfl0LtLunl5flnu1

n?1!in?lilrt1lorio:c6'unrrufLlodaaorfiri'.:ur,o 15 do rriu16'ir:to'ln:1!rriulotoi
i - o ',r,Jrlln L- Ftua1l.llin1] aflnin11!i Luruavlto{tn t:ul.J [f] ttl]!n t: u!n 0!n10'1110 nun [1..11]u [i 14:0

,c ,- o h X - I - ., q

r]ntS uusro! rirn11lr.l o ttgrLurrx [0 !Lar]{?1UnL:uLLu!n11!:LuLu0v1 o nuL 5u o!n1'l1.llJLJ L0

aMln!on lo?1un!5uuro1fi'lo a!ui0 Lu an'l:')nuv{lJ11 a1nt0a0!'lon?1!tt'lt0tu9l

9r?tdana;1'to1J1,1J unt:uura?1!1,1J'l Latnul nu Ltaa na'l'lun a.:tltJl-l (loau u.5/) 6nn'l1no!
d ) --ir:u! (toau 3.77) 0u'1.::.luualnfuvl1{a0FvlSuou .05

Sreenivasulu and Subramaniam (2014) finl'jro rn nr: rrJi uu rfi ul nrrl rtrh
d i av I qee i. - I

to{fnr5uu1u:yd! qo dnu'l tnu?n! Laxvvlllu{tu Lo u Lttoaola a 1oljtjuQ'1111u 25 na

yroao!rY!finriuu 140 nu 6lnl'irrioaollrr.rr.lfirflurn6olfiofiinrrlavtdurrlunr:nrl
!, v - Jt q

:uv'i1{riro'u] [il]6u uavtuqr.ra loul:caiLnrr! ![nLun1:ta0nfl0! L!Lt0a 0t n5! E1] Lv

a
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- ac, e I - Jr:uu!n1: 9!u1fi2lrJno [,i,'1!0 nn 1:fu']ri10su1ufr[!uI0 rr4oo5.:fru61u ua31i.tfirnnn15
a ' d. J 4 i .

ioara uac!:vrluruaourlftirtto6o uaur:1!a?1!n.torn6oulunr:nourirnrutolfnriou

Cateon and Subramaniam (2010) finu'jr nr:'[ddoaouor-rlf,an 4 drdursu
(4-tier muLtipte choice) 4TMC nu'jrriunT:riruurdoaouurornioaouo-?r6on Z rird'u;usu

(2TMc) dlirirnrr uayu,torera rfi oy:rlorrriuavnr:oBururr4naralunr:16onr,irmautor
4 v J- - ifn15uu i.rioaourllll 4TMC rijuioaolfirfiu:volunrurTu'tordrrr.rli'iltrri.r01rruayruflr.a

qe. e i - . "i 
j -uun[: uu l,oyntoa 0! [n u'] nua ar!aua!n1lu ro,:nau nat.!o1ni1uio unurrlu fnriuufr

"l,o q ! - ;,. - ;dn't1u:Ju [o [un']:sro!n1n1!!1n n't't tyF\ a !0ni'lnu:vorun,:urluhd{ailil0dofn tiuufrfr
oae ) - - " 

jni1 luavL! n?.r !00nn1nnuLo uasyll h4yE'llJFt?l nlotnaouro,tunLsuu [u[Iou.t

Gurel et at. (2014) finudr nr:rj:vrilnrur{r'tofinarflrn60! 6a{ vr-fiuoraoi

ralfnAnurfin6ouilfrnii rirourlynaor q dr d'utvun': u r{rtofin aro rnS ou ov drar asio
.j - -,- .

U l ya yl nn 111 tu n r : 11 1,1 lu tn u ? n ! v{ a n a tla vU i u a y E n'] Lu n l llil l ru o y a-r]n-u d ril o r a.

n?1!a1!'r:n, rfln, ;suuoi:!y6or6'otTG nrrl r{r'[ofinaro rn6oudos rfluflruyro eirwr nria
J,

11?nlt'l Lu0{n1n0ya{alan0n1511''rn't1r.trl,1L0lJ:1nln1: yl't,ti::1]t,'10 ua v ntt 0 0! 1uyl.t.!

- J ra ,a J ; qv
?vltj1fi1a0:to{yl't nrtl ft,:uunlt ttn tln?1 tt]'t Loylna10rnaou Lrnnaa{n?ua5n1:n1.1 .l i.ir!u
i i. - 4 qv
a{frdlnqJrrT n hjirovrtlunr:Linr:d'lnruru uar!riitllufifiil uuuyro6or!aroriJo uuumoaol

tiotfionorou rrulr oaourfiorfionoouyarurirrYr.usu (z cird'u.fu a iiro'uiiu) ii.:usiavdufifi
-- .c

rioduav{orduumnoirrrYuoonhJ Ium!ii'rriovo6ulufi{n:suiunl:fiatu''lu!uyloaou 4 ai'tsr'!
Z q vo i ) ;o ;!tn lunr:rl:vrfiunrrlrdr'lofi narornfr ou 6.:lufifi ocrBunuluyoaor FTGor Iooldvroraorfii

rinfinurfinaoufiiSnd zql nu nrn 12 lry'riyruldutuoififirtjoraa'nao:artrnr:aouiiSnd 1u
ri - .)
rSolri'qunranf 6qJrvnouhjdru rfior.lrdou6o nisnflri'ri'r1r (n:vo nrlr:ru u6 e? uau nT:yn!

L.i1:'rlJri1.J) n:sanN{6{ (n:vr nr{ruav n:r n nuu) uacraud (rauduuuayraudr{r) Iounyttuu
r.i .c - i

1,0{fnfr n ulfl n a ouiJfr nd ri orjrhlrarrira'rrl:v ivrB Io a lro{ Cronbach atpha nl'lririr
rvirfi'! o.ss r.railnnlrio-ulllr'irvir o rfiorar irinfinurfinaouilfind rrnn'irSouav 1o fifi

)
n?1t.it1j't L0nal0tnaau

AU J! O A
2.5.4 {lUXOUvltnU2iA{nUn',tt0qn1:r:uui [:o{ rJ:u1tu6'll6 viud

vr:t'a ririlf uo n (2550: 125-120 ldfi nrr nr:riru? ru 16 u?fi'u!i!1 ru a1 :lu
rJfrfiiurrni ndrar:viflurnrani {uriouufinurfld q loutdrunfrnn{lutiw-uloinvuuuradefi

dtvirn'u 127.13 arnavlruurd! 180 ncuuu6oriuiouac zO.os drfizuanr:Guufog'lu:vd't 6

liA c, - i-- &q.- -yliU[U0.:lJ',]0']nn1l0On1l[:U1rl tvlOUnnA Ltt ll]U tUUtylnUnylIni nll!vtJn LvUnl:UU tolItlJl.J'l

vll{aq!fuful tonnoou'].!r.trvnr,ta 61111ovr't.i1ui}Lfii rfiou'lundrldotir.16 nr:o'onr:6uui



t)

,i ,,r,J .A qv , j 
" - aa - atrnuanat]ug.rl,u ! n1:rua u! na!rt1J [:0 u tll0 LunarJ LrYl u t0nlaruc a{a1rifl nnaun Ll uuoy

./-
fle!u1flnuvyl'r.ro1!a{a rru a:J18nfrn?1!1i?'r{oi.:nnuavriu a!rinlundrLn:sdu16oudu

aJ.iLiir:rfiorfion'ltr;irrioto.:n{r allfinlnnui!fiotarlulrufrldirrolr14r.r1u a!10nlund!
u.l
SnB',lrJ't:u11l lunl: o tlavn"r:11n nlnt n an{na1']yl'lL unr:u1J ny u1.ll.t:y14?'ti$uul'ta c

A!
nsltl.lu oaou a.r$u1]ta!1u

duurrivri riu:mal6uvri (255a) kivrieuur,.rad'rqrdrrlnr:riuuro{fnriuureu
-.) i .-

rTourfinurijfi 5 rio.rrlirrruar:dlr{uri loatdnr:o"rrnr:riuuiuufitll'in:ynru loertvlfinrial

" ) q!,o j j i , i,yl1i1ut0u2 tu{ut:uuun L: uu Lo:unl! to u?.tJ0{tlr0uttac?a't:fu.t't1]10.1t140u:'ul{un0uat0y
f i- .j< . d , Ju5:u'ru6:lJ B0!aa!un'r:nonl:L5uu5u!ra1I1yy[:uuzu'ru0utrl01L19tLy]1Uu r.l10ua.i!1

vdnnr:torfih,lirr'[t'l,oulririnGaurir{rua{un:coru 6rGun'irnr:o"onr:riuuiu!!frlili

nivolu fnsuulfriunr:6'onr:riuuiuruffh{in:voruynuzuunr:o-ornr:riuuf {nrvrfi z.a)

- ! --i
r'ra n1:?o uv{1j11 1) ira a}r qvr010.iLr n r5uLrv6ii r:uuainllna1,J[5u1.J0 u1.i!uu 61'1rifuyl1.iadnyl

:soT! O.O1 2) uzuunr:ionr:riuufirJ:vivr6nrnrvirriu 88.40/80.36 uav 3) rinGaufinrrl

Yr{1\O [nn0nl5non15L5UL50U Llr:ctMn

l- , -r r,- ur:ursttu63tr8$

fi1vfi 2.4 grJuurnr:ionr:uEuu:rirufltvlin:;orr*

Q!426 oAtinaivnr: (2557) loifi nurrGur: rfi ulHa#lqn6vrrlnr:6truuavto0rna

rioirrrnfiGorrJilrrua-lr{uri to.rrinriau{uriourrfinu1ilfi qIounr:ionr:tiauluuu
. - i < v <l

n:cfioioiuri!uuurJnG fi.lnT :o"onr:riuufulun:v6oioiui'trnsrou'iunl:d'onT ltiuuf 5 {u
" e. l aa,

6o {r.fi t tiutniulnr: (preparation) tijutiunoutolnri to5u!q! n:ru tn5urJanllvlo10 L!L
.' o Z)^i..-

lUriOl15UU UOnfiOlt5Uu y-OUOnO1nl: tijunll trltUlLn15l0{9lA0UUaul.ltiUl.J llUvl Z 1,t.tn1l
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, Z 1, Z te .lna1Mau1 (brieting) t!ulJu9r0Ltyl a0una'r?u1 ua c [rH 15uu?i1n21! [tJ'] ln fi! R0 n lt:J,
q z leunt:uun0{!0un u:0a.::Jovr1 Lull1t1] a0u0 0.l0lt20 a0! [1,1ttu L0?1cl$ uuyn nuttl [0i5n']t

rJfrri6fion::r .uvuvr' r .funr:rlirifi (action) rfluifur,oufi{rEuuusiavnukia.:fiorJnu-6oru

fion::u ludud {aaudo.:a-.:unornr:rJfrt6fion::urorrinr':-uu t'ud + ifunr:ap (debriefing)
c, I )v a i , &y-

tlJLrljuFr0Uyrqr0{n1i Lyr.r$uu Lnyl'rn11!tllt [n r.]nliatU!tclnuAliyuayd.!011.i .l vtLot5uui L!
J ! d va Jq, p - i q ,. J{, ;
1ULJv1nIq11! rul L0yrL!O n9rA{ LnOIU tiA0U00{LlnLtn']'1lt[11[nytt!nn9ta{h4nnnai [ouvt
e J c.J 4 4 1e !, ; - J
rJa0u0100r{n1fl1r]n!l. r:u1l114[r0r.]Lu,i L!u0nruu0allyyrto0lnnllUrUgtn0n::t.] Lo tuyl 51r!

fron::rua-rnT:rJirj6 (fottow-up) ufluriunoufi{aouhifiGauvrfion::lrdoyrrynunrr:Lrtrto
wiv- ! - - dJ

ttavn?'ltJty][otu n']nnltfl nu']?0 u l.J?1 ad!qy1oyr1nn'rl $uult1Ln!ri0.l!5rJlfuiiu{ui
I - < -,i -s v

t0.:unt: uutul.l0tJ1lflnu1!yr 4 Lnunl:non1:t:uu5ut! nivn0:0iuuayu!1tu n9t ya.:[5uua.t

--j Y - a d
n?'ln0uL:uu auluruualnfuyll{anoyrSyolJ .05 u0nnln!uu'lltll?1 tiaa flytoyll.inl:LsuuLLau

--it0anFn0lt1tn! Lo u 0 n nlt r: Lu: LL1J! n: s o0 50t!a { n't 1LtlJlJ! no0 u 1{}ru u a't flfuyt 1i a ftgrvll u Flll

.05

rJSrrrd navn"n6i (2557) 16'finurnr ulxFr'r r)r fil'r yfir (Normalized gain) Go{
.jqe- - !

1Jtulrua1:at.lllu5 tawnt:uuvrLoS! n1t a0!o'1un1:$ulJt t[lJ1Jl?1.]u0 11lJ?'l nu[u1/tiaiirJqylE
.i,yl'r.in'nt5u!nouuayva''.inlrdonliriuufuwiuioiril[aAu ryilrY! 2.30 nvuuu $ay 21.90

- .,r lx -n1!a1n! l.tavr!0?[n:1c14lvo! n']lu n1? u'rYr'l!n1:riuuyr{!u t:uu111J?'raq !u:cn! a{

(Normatized gain = 0.71) uao.i'jinrldon'r:ritruiuuuiario vrrhirinGuufin?1ufir?uill
- !^ - I

vl1{n1:t5ul.t0u L1ltco!a{ tu0v{0'15 1n?1!n1'tvLJ''lvt1nnl:t5u1.t:1u Lu0vla'tnu!!vtoa0!10
- { j i- - -tJaa:.rqv0r1{n1:r:ul.J 111J1't rLJ0v'rvr1.Jfl$ uu!nu [!1.Jua{ L:u! uavSco!n?'l! n1?11l.J']vt1.in'1:

d;.Jriulqlfiqnud':ldiunr:i'onr:riuufuuuirlio 6o rSouLralutala (Normatized gain =
,di

0.88) [u0{n1n ! nr: uu Lo raurnr.J " 0u!!?a l}lra qa tvn L: " ua3 tl nfl1:14'lrJla L! ta nanlnall Lu

fiinrJ:voriutollufion::r "A student a compound" firinriou t6on!rrarlouvlrrilu

fl'15lJ'tU

i:rvr::ru !rUzuruali (255a: 46-85) 1d6'onr: Guriu!!,ra rua1utfi ofiolu1n1rrr
:i ,-

Ltr Latd{rJ l'ur.]sl uavvrnuvnlt uRtfuvl tl0.lUl:Jl a'llatJlluo L0b 0nn1:[:uu:u1]ut{a1,]r.la1u

rl:vnourirunr:hillu fl1:u:5u1u nr::vn o?'r!60 uarn'l:a{ioln!'6oil nr:idun{.rdfio"u

"' , : w - - Aa e.t s arv-
ldurrlriovruavv15ou ayro itn 15utlrlnllrJrtl Litt Lu!fl Lo 514?10 Loun (1) t!antnlu'lLi

ounln 1a lracli!1fl rto{ai:fi sTP (z) n:ua-lnjuii:vv'jrloruauha oqnln rllalrar

rlirrn:torufiai srp (a) nir!t{ dutoiar:aca1u1uu luiouac (4) n?1!tdldu!o{

allavaluluu ?uharifi IrLua66 uasistud'lr.rha uac(s) nls Loiurla1:a va 1u fl1Jiln1:
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o"sr nr: rEuuiuuuHa! aluaMioniruuuadrqvrdrrrnr:riuuto.:u-nGuu1#6rduld'uav

rinGuuinrrrrr{rlorirululnqrnd'a.rrfiuduioua" 66.71 uaviR?1!r{rloululfioeirraru:ni
o.Js
[ur5o i[r,,afiunlu?uoqnln rlra uay ilrn:to.lar:fi Srp 6oriJuioelav 92.52 roio.lu?u

NUunt:uu tflllcunt:uu[o nv]lu.uurlnrn uacH']unl5uflirgur:vrair.:15uu uavlovrtiirgvrd.:hj

{u{'ourrn vrhirinriuuaTrLr:nururirdo4aornloudartu6or:uavufralnr:kinnsio{ uas

fio'ukiiori'nuvnr:ufiIortjflrgrarnnsio.:rrndu Ioufiavuuuraa'uiouar 83.57 uaru-n6uufi

n?1!fl{ 0 [0r]0n1tQon1:t:uut t[1.JlJtJa zua1!

r:rn:ni niil:ori (2557) kinimur:!urrunr:riuunr:6ou 6al Glrruar:alvriuii

turu rfunr:1:rurnr: nr:flnol:rn:c!runr:6urarvrarnrtLi uavnr: G auiuruirlfio rfio
ai16r!n1:nn0u1{rlao''l:rurUlru d,llaiuu'n 15 uu:yd'urio u ufinur n ourJa ru vlol6uufirfiu
ilr urara n i yrl'ir:Uurulnr:Guunr:aor,fiyrjsuLr!:cno!drun:vurunr:riuuifi{r,iuurflu

rildn:srrunr:rEuuf c.iu 6a r.rsueirriror! (euestion: e) rYuvrrirorol (Answer: A) r1u

uanuJ6uuriouf (Share: S) ua yrYu!:s rfrunrlantr oi.l (Assessment: A)vio eASA ModeI

(nrnd z.s) ronorndnu'ir 1) iilulud fin?1lryrraarlou'lu:ysirurn (i = 4.41, sD =0.75)

inruriuhjldlurrlrlfrtG 2) rinGuufinr:6oodrtfiior:rurgrru uavr.raa-lquSrnr,:nr:risu
---u-4 y t )u ! , , --<air:uuot ulrJ uul.lylyle!u'lruann?1n0urtuu 0ulirtuailrlruyt.Nanstfr:yri=u.01 .linriuud.lu

?-,,!3 . , !a. e), av)luqj6o'Jr grJuuufrrilunruurjanlr,rri 1o'fln6oirn:rcrfrtir u1ri6uor"rlunr:riounaoonar nr:
!, ' d ,cred,ae u .a1v en0naut:uutyrl tl4 uralJy{u0 onut 0uuavnS rn?1!atn1nn1l!5uu5our.ida:ynr!fi'nunry{
.avea dt a

vrl Lulanon0?t1lnr



xinn''rr

".r.:i 'lli!,'r:u'^,n!i]or!onarr!,r!o|:! i!n.r
i,! itr r,!itF,ufir@1M1:unmrfttrn cr1
,.riL0u\i,i !,ririh'Jaiiiirlioqnwi.!iri1r1i
'ini'i$ir,ri,v;ds:imixri ii iilrtilni,Li1ri.
.rlri:in,u!rit: ddn!sr!:iu;!r,^0 

",fi "i'.f 
.

i:' :.irrir !iu:r "in:,i,r'

inqU::atd drairrn:i;orlxii.lr:o.rrgrtr.rra:rni::qnf

r!1tatl'|ruurt0.t uIJ1(Ua.llt$Jri!6

nrrira:r:ririnirurrrioulio! rirfumlr{anri!aa:a-:T uarrn:nLri.r

U1-'irrurrio!1itr,rr,'iiriilo.rra'.r"nrr6tiriorrnorjr.r.r'r.iirn,rr.

n1letfl 8ll8!lt.lln.!rtuut

{;:r.r,tu{ti't'.rrunlla:nrn Linrrrirorria utru'r1u

i lILnn.nnln:rxalilrrlrt i r:tnrrn o r,:rilri^: ,r fi:Dr xr,

/rl;,:tlr irrirn;ar' 
'ii..r 

DrLri(11r'trgv r

iA e*t nr cDrf;,rirrB hirii.l,
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nlnlI!tiuflauE!UiJrJl.l
1 nl:6r'rori1.riii1la!(U1i!

I rrnirtlrrnrnrllr:ulr.:ir!!)nnun llnnr!c

n1llfi 2.5 i rruunlrrEuunltaouGa.: Gurruar:dufiud

Stephanie Kimberlin and Ellen Yezierski (201.5:156-164) tdldion::r
a J -.:n1:[: uu:ulJ!a! [a]v monruulnl ru rdr'lo rfr$:IurL6 r:'or !irrruar:a'rrYurj Inuldfion::l

6rrarr 2 fion::l 6o 1) ion::rnr:rronluu6oinri[!6uutt awolatnl:rniluryd'!

o\rflrFr (BPW)

n::u'Iln'ttn1:t:uul

L
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[,t:
The diagrams below reprcscnt a particulatc dra*ing ofa @!g1gg! chemical cquation ofphosphorus and

oxygen rcacting.

Usethe following key to interprer the diagram: J phosphorus O oxygen

+

A)IJsingtheparticulatedrawingabovewriteabalancedsymbolicequationofthereactionofphosphorus
and oxygen.

B) tlow does the above particulate drawing assist you in deriving a balanced symbolic chemical equation'l

C) Refer to the diagram below to answer the lollowing questions'

Us€ the following key to interpret the diagram: O phosphorus t! oxygen

+

.cr tjrrip.
rcactants

tt.i t
producls

A student wrote the following chemical eqtlation to represent thc reaction in the diagram above:

3Pa* l0Ol t 4P1O5 + Pr. Explain in as much detail as possible why thc student's chemical equation is

inaccurate.

t
-

i
b+ {L

n1llii 2.6 fiOn::tnrmron1llr[do{n1r[rJ6uutt altolaunr:rnfilu:vduoqnrn (BPW)

mU 2).hftiaGUuriru.lrunr:rr]6uuu!alr.]ilrruar:rfioy:rldrr:ldrufial:dldu

l4r!flfi3arno6riulFruyr:1!'j1a1r'[olirrJflfiiururo*avar:toru6a rra6ouvrrt: rl'jrrjn6uufi

nvuuuradunrrlrtdr'lor,lfilriuuqln'lrriouGEru

2.6 n1fl41G lsl:tolufia

2.6.1 n1t$1tB!1nrso{[fi61nse6n'':ttvludtl

2.6.1.1 ua'nnr:

nr:vrtBlrm:tolrrfialout{i6nr:rrvrufiriraur:nrirurrurarlBlrruto'l

rufiafirfiodu 1oualqfi1frufiafinqfin::r:uufiouufia"luqornfi riruru1ra,osufiaal!15!l

rirursuvrldorn nqfloi[fl66!u:nirrtl (ideal' gas uio perfect gas l'aw) ufiafirfluufia

aur;:niulu ovrl:vvrqfr 6'rrrunrrufiivTuii6'laur:



PV = nRT
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Q,I\

Li:ru'rn1fi (P",.) n'ln':rIojlloriralO'l (p,j,.) fiqrura{itaIuBrIrus14rnI:yoaoI

i " s , .j- 3tlr0 n = 01u1u Llato{t[flaytnolju
J , d, . -H = n1o{yrronLrflA rnlr rnlj 0.08206 L.atm.mo('t.K'

T = oruraniluyr.iiurnaiu (0, O "C = 273.15 K

V = rjilrm:roluffa1urari.:u cm3

P = n'nr]oiuro{r!ff'alur,1r]r u atm
s.j[oufrnrrlon1rlt?o!5!rrl: (p"",) o vfirir rvirfil r.ra rirl:yu.jrlnru oiu

Q.2)D D D:'qas_'atm '!1

Ioa p",- oruri'rtdornrn:.o{ulioirooilu#oqJfit6nr:
j

P r 0iun1LoQlnoi:'1,111 2.1

er'rrr{fi 2.1 rirnrrlrYulatonrs.rdqruu4icirll

T('C) P (mmHg) T('C) P (mmHg) T('C) P (mmHg)

20 17 .5 30 31.8 40 55.3

21 18, B 31 33.7 qt 58.3

22 198 35.1 42 615

23 21..1. 33 31 7 43 648

24 22.4 3q 39.9 q4 683

25 23.8 42.2 45 71.9

26 25.2 36 446 q6 7 5.1

27 26.1 37 47.t 47 19.6

28 28.3 38 497 41 83.7

29 300 39 52.4 q9 88

I
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z.o.z i6nr:{oqrJn:nidtdtunr:rnrrJiurn:troluffa

nr:t'nrniuilrniorfionr:ynaor darrniolfioo'ruaorlfll;rJd s. t riouyrJoyo-onr:

ovdrr Ertenmeyer flasklriayorouav#rl 6nn{rdrrrhna"u ,rr1ri a.:l,ui.lr:nl#rdrud.li'u

irr:ondrn:ouyiorirufialufi nrnoi.uuro 250 cm, ifi rirodrj:vil1ol 150 cm3 louhi'rlarufi i
Stopcock oEj{rruuuavnr:oviornrrua6ooqjrir.: (dead space) rfrofitvarur:oejrur]3lrn:
--..Yr - \, u u? i a, u j
10.iu'r tuu?r:Fttn n?::vt]ol u?{ tu n1t 0'tLJ! 5r.l totU.t ru:rv rllu n r: arund'lrlr ltolol-r ratfr

r1:rnno{fidrudr.ruorirrrn rir:coT!d1odfi 50.00 cm3 fiuaol.irrlilrsr:torrirlui.:r:u,,iiu

50.00 cm3 doinr:uvrufirirpiruuffafirioduolnnlrlloao{ !irLrn:uoruffaoyryi.rri!eiasirr
,- Ye - { r .j.--- i

lJ0.iu:u1alt0{u1 Luu?r:nfl 0u$!elu uayo0ur!f, R5ulduqoua.l

nlwtfr 2.7 nr:o-oqrJn:nifflflunr:r,rrGlrn:saluff a



uYlvl 3

?s9'lruunl:'tou

-- J d ,-q a i ,a
nr:io"urio.r nr:rEuuilqernr:adorJitfioSr rSouJiurruar:friri'uri Ioul{rlfr6iur

:vr,l'ir':ar:rJ:vnounli!orunuavn:o rfiod{railnilrlr{r1oto{rinriuu.uvuriourLfinuritd + lu
. -3 -!?t1rn! rJ10u [otJ.1a1:1ao111]r1r'r Lolra iunr:uu tou t1Jgrouoiu

3.1 nr:vTrirurfion::rnr:aliorJfrri6nr:yrnaorlouttrJfriior:vra'jriar:l:cno!

nriuotunuavn:o

3.2 nr:riruurnrurdr'lotoru-nGuu 16or GurrufrrLri'uii
! sq

3.3 tu o141vt tt tu n 1:10 u

J d .i.,
3.4 rFl:O{!AvtLtLUnl:2nU

3.5 nr:airluravr,trnrunrvruorrnio.rio
-13.6 n1:rnu:21r:?lrla!a

3.1 n1rrYfl u1fi an15iln1:a{fi odfirjhnr:vroao{nu'lrirJfr ffi ur:;r.r'jrl61r r!nau

f,1fuo[urluasntn

a.r.r raio.r fi ofi lt1u n r:n o a o r 6 o q orJ fr rin n r:r o a o rlo utdrJ ! fi i u r:cv'i rr

ar:rJ:vnounriro ruauas nlo 6or rjirrrua r:i'rrt'r-,d

3.1.1.1 61:rFriuaviaoorln:ni rYlnrnfr 3.1

t) zur{ 0tr6urlolo:tounrirotuo, NaHCor)

2) unariurnriuorun (CaCo)
. x.

3) n:orjrdraroX (n:nuo66n 5Vo w/v, CH3COOH)

q) rnior{'rfrifloa 4 ciruvrir

5) trogr.Jtr{ (Erlenmeyer ftask) turo tzs ia66n:

6) n:vloninur (syringe) ttluurir turo s0 fia66n:

z) l'nrnoi (Beaker) tlro 100 iafrfrn:

8) rlorlrufia (Gas outlet set) rJ:vnoudru aruurl lnurlilntnor;rJtlr{

vD]50t5{na1{
!, --9) tro'rutasfrooll (Stand and Ctamp)
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10) ilrln (Pipette) tulo 10 fraAasri

It) e.lrvrnrafin (PLastic vla[)

t2) 616l (Forceps)

la) doufi'nar: (SpatuLa)

14) ilriiildxr (Parafllm)

ts) rr:or-rmoi (Barometer)

; u .&te"
n11'!14 3.1 nxaul{615[n3J[tarx6O0Un:fuvltttuqonllfloa0{

3.1.2 ?6nr:uoao.r leerl'ffrlfri3urivvir{41:!:snorln1i!otunravn:o 6'rnrrfi :.2

3.1.2.1 d'{ariil:vnolIq 16 0illaloitorinli!o ruo rl:vuru o.ozo nYl (l'ufr n

uryrinfi uuuou) udar::1ar'lunhvrarafi n

3. 1.2.2 tl u.lmn:o,if,ua',r og lirr m: 2 fi afi 6rr: uf,tr:::na{utao;:Jtr{turo

ru'ro 125 naAartr

3.1.2.3'r1{Bhaarafi nfiflar:rJ:snods16ultalo:rouoriroluna :lutro;rJtlifi
"".

u: i0riou^aLa"ut.r'u ltnilnu (:rir: os'1,,{a^:f :ao ta''lfla,i'ut

3.1.2.4 tlo!1nt'ro;rJu:16'rennurrfia'aruurldrrfrafi 16olrioo{fi'u:vlondo
U - v -,r .i q - ,L "t -.r" j,

u1 nlnuu fl u{nur.io?uttr.Ju?r151v,la!tvl0!0{nun r::?[ua?,0 lttnavtnqlu

* ll't : \'

--C- -l,>-- "o
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3.1.2.5 rrdrr?e?rJmL{odrrriorfiorrfiobXar:rJ:vnolTt16u:l'[aTa:ltunrilolun
". x tu Z - a .- - -- C

v^!f,R501f]!niot raL61ug0 u1{6L!:[u 0 rnLuLLvlr]!5L ln:10: JnavLflflflL Lua:s1J 0fla9lu'r

3.L.2.6 vi1,n11't1otao.ilua-1uruvLA1 Iounrrl3lrn:rirdrLarugnrl{fi z fra66ri:
:3

usirfrrldruilnto.iar:r.,]:s n 0! Lsto'ultalo:rounrito turr6un;{as 0.02 nirL ounivr'{l3 1nl

tuor,ufrafiriodunrfi:rrLf'r"rJ6uLtio!o{a':L:vrora"iLotumornlt'6ullalo:ror.

nr ira rum lilu urna ufi urLnr ilo rum

,rT ilfi 3.2 .Yrr.rn.rrrurldtaiurJfr ffiur:vra'jrtart :vnounl{ualuelfiun:o

lAtJd',lug

3. 1.3 n l ri [n 11 vr{ H a n r :u oa a.r 1o o rir zu a fr t6o 1 fl fl 'r : o a o.i }] r rfi u u n : r l"l ua o l
nrt:#rr(ui5:vra'irsrratorar::vnornritorumvr'tdfiurl3rLrrl:tolrrfr'anriloulnoonltoifi
.J
rflotu filar inruuo!:rLr ru uo ufior:rurornrixfin: rv,lfinr:rtj6uuurja'tnrrl{u lllooax.Lqa

tonJfrfiBurraio.oofiar:aorm-rvirrlfrfi3urvrodn'uLi'ornoost-oto.rn:r frfinr:rr.Jduuurlaltot

'a ".i - 3 - ! ^nat.,.[lu ornfuliru r urjir rn:t o I ttf,a n^il ou [o o on Ltofov tilo{uo5r 'fr ov:rloruvr]I ttav

nru6'url::urnrotarvlirnr:voaar loru'ldarar:tor lufraall:ai PV = nRT rfio R lflunrolfi

toqrfra firirrvirnn 0.08206 L.atm.mo[ I.K1 uaan'rulruvrzual6'iouact6'ornansYouavto{rua

16 = Jafi1&rl=- x toolouzuafit6'oi:ldrrrarr':uoru{aarr":ru uavzuam,rLvqufrrarld
ilafrl!vqu{

o r a n r : n r rrL fli vl'udto r ar :'[uar n r : rafi
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3.2 n'l:iifl r'l61ru rd'rlotalrin rEuu 6ol rjiur suar:#urYuri

3.2.t uuurrnunr:io'a

lruli'er luwrur.runr:ii'ur[huuun{lor-r odrl16arfi nr:uoaouriouuayya'l

(One-group pretest and posttest design) fid?!lrluoifi

or ------------ X ------- O:

O, r,tmu6.: nr:roaoldouGuu (Pretest)

,JX 14ll1u0.l fl1:0onQnlliln1l$Uu:tuunl:llljmot.: (Hands -on) r:0.t llUlfu
ar:a-ilvriuii 10ul{ilfr fiiur:vr.r'jrlar:!:ynolorilorunri'ln:o

O, vrrofir nr:yoaolydrGuu (Posttest)

3.2.2 rJisrlnluayndun-todr'r

3.2.2.1 lJ1veJ1t1

, d. Z:- - - Z - a -.)
lJ I y 1' 1 fl : yr L1J tU n 1 :'t 0 U n I { ! n 0 U n r: u ufl ul] 6 u ! 6 n u11) 14 4 / 1. 4 / 4 tL l)

nr:riauiyuroranS-nnimnrani I:.:riuuluuarn:'ori drrnoluuar o-ryinun::rtf,rr frrfi'o

dtinrurtordufinr:finurriotrlfinu'r rrer 31 firira-rriuulunrnriuui z tnr:6nur 2559

riru:u 4 vioruiou :2! 183 nu

3.2.2.2 n{u6'rotlrr

ndrn'rodr.:fi tdlunr:io"uniri6ou-nr5uuteuriouufi nurtfi q/1uzuunr:

$uu?r u1filafl 5 -nolfl n1ao 5 Ll{LSuuLuua{fl:01u 0'rrn0Lu!a{ n{y?ouatiltarJl a{no
! ; d .j" - d

airrinrurrnfrufrnrrn-nuu"ouu6nu''l rro 31 firirarriuu'tunrnriaufr z flnr:enur zssg

iiruru 45 nu "loilrornnr:16onuu!ro'ruoi (Purposive Sampiing)

3.3 ruofi'rvl [1, Lunl:?ou

udovrfil{lu n r:ii'u r{Ju rdor.rrh.,irr unfi 2 r tozzz &urtwudnu1tlfi 4 m uvdn a n :

. ununarlnr:finuriufiuEru nvorin:rt 2551 n:vvr:rsfinurBnr: 6or r.Jiurruar:d'lrYuii
o -.i,s' a1u?u 9 t1!!{
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n1:'r{fi 3.1 drr.nur,'ru.rtlt'tunr:dnfion::lnr:riauilprultrlfrffiur:vr,r,ir.r

a1:rJ:cnounriualufl uasnig

4
[uo141 rrarffl{aou (d'rTu.r)

t. aarua'rvTuiito.:ar:tuar nr:rnfi

2. ar:ritruoGrrru

l. iral6iouav

3

3

3

Aa.ja
3.4 rn:a{xav tt tun'l:2ou

3.4.1 ttarunlro'on1ilEuui rdor rjirrruar:a'rrfrud rirunr:6'onr:riuuiuluf,urarv 5 qYu

)u !,., J -.i " ;,. i-
vruunl:lJ01Jfln:{ a1u:!un[5uut,1DJ0 ul.]finullyr 4 0'ru11] 3 t[,.]u 5't!.r[?a1 9 {?[!.r t.i

:1uav[duorii uafl fl unr:rrfi 3.2

d " J(
n1:1rr?r 3.2 nlu?ut? [!n[:uuuasflQn:t]Jnltrlgui an tuunav[[Hunlioonlir5gui

d tdut{un1:t:uu:[:0t d'rll.r nanS: uan

1. nrrrLa'lri'urit orar:tu

ar.ln1:Lnfi

n1riloao.r rio rlilrruar:a-lr{u5 rJ:vnordru

nriyroaon nr:urr.Jirrruuflanri!oulnoonksi

ornrJfr fiiar:vr,t'jriai:!:vno!nriuoruariu
x"ulaxalut Louttn5YUanaoul

2. ar:riruuou]Srrru 3

3. zualoiiooav 3

r? 3 ur.lu s dalilr

3.4.2 qofion::uuactufian:riln1:floao,i Go{ rJ3lrnrar:drri'uriornnr:lilJifiiur

:cv'irlar:!:vno!Fni!oruar[aun:o lou'[{n:vronfi our ;irvirvoaol tiufi nalanr:voaol

uavn or rirn uvir I nl5Yroa o.r

3.4.3 uu u fl e d a u io ar a du q v dv 1 {r n'r : ri u u {u n-s tr l f, n uri d + rd o.r Uir r ru a r :
a'rLrYuS uuul:riurfio q rYrrfion q rirn'u.fu (4-tier diagnostic tests) o'ruru to {o tiodti

.la
rinl:-ou'tri'u,rnara'tunr:16onmor uavfi:c6'Lnrrririulo hifirioaouoqtu:zd'lnrrurir

(Knowtedge) ur',rr,{.10 (Understanding) n1i! rs q n oil{ (Apptying) :v6'l nr:i rn:rvd

(Anatyzing) nrrr B[oom's Taxonomy riouriul druru tO rio ua vva-l ti uudruru tO {o

(n0!t:uuua{$uur!ut0a0!nuau{oL[0 anutusn1nlt.]naluoa{n!) [ou luttrlayt0r!u
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toa ou u!u sr-r 16onaordroludu (4-tiers) 6lrj:vnoudru r,iroru tfio q d'r16onrj:cnouriru

t) fi':16on q d"r16on 2):vrYunllrfioriudrr.riusYr16on o :voiu 3) rilo,irad1,8'tunr:s,ourirou
J.]"

4) lvd-ln?'urltoriucir iusr"rrdon 6 :vd'!

nr:rld 3.3 iirururioaouutioo.rd.r. uac:cdutordoaouutiuru Btoom,s

Taxonomy

[uov'r
:cd'udoaounr B(oom's

Taxonomy

1. n'lrria'uriuii uorar:tuar nr:rnfi

royl 1

ldov 2

flovr J

?lovt 4

n':urtrto

Frl',tlJLt',r Ll

n'1 'uJ ttl ''l t0

n'l'tt.][1]1ta

2. ar:rilluoililrru

10vr 5

dad s

tovl /

nllr{r1o
nrur{r1,0

nllrtrlo
l. rualdiouav

uovl 8

1r0vt 9

llovr 10

n':urtrlo

n1t!SvunFlLlJ

nr:il:yund1{

I
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Alia
or?ot,'r.rr[uuYr9rdou?n9.laa q fivl1{n']lHUuHo.: u:u1&ld flufi

uuuilfliu q aroudu (4-tier diagnostic tests)

6. ainlfifisurto{aracisr60xrfilfi q-{ar.rfll: 2Na + 2H2o ------+ 2NaoH + l, frrl{ t"la

diuru 25.5 nir litJfrffiurfirrjro",uru so nir ar:toriluar:rr,l6o rradoinir (Na=23, H=1,

o= t o) (doaouion?ltrtdrta)

+

fl. Na rv6o 15 5 nilr

{. H2o rfl6o 30.04 niil

) - Jo o
911:1{vr 3.4 lvounlllJuu[0d114ilJq?[aofl

nrrrao{n1:rnolfrfi3ur:vra'jrl Mg fi! HCL

n. Na ril6o 0.5 niu

n. Hro rNAo 20.05 nilr

1 2 3 4 5 6

r01n19|0lvl

ta0n

t n0utJuL0

ntgt0lJvta0n

l.l'1fl

luriuto

ntn0!vta0n

l'ulorirqorfr

ta0n

x.rxrL0ntnolrvl

ta 0 flx.r't fl

riulon'rsro!fi

[a0n1.]1nv]60

Itaft.llDnr:nru1u

J9
1--

E
Ilr

1.-...--
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fl 1:1id 3.5 :cd'unr1u:iulo6itaiui6nr:n'rurru

3.4.4 uu u rJ : E rfi u n r r a 1 u r : o sir u yr-n uy n :; u au n r :i vr u r a r a n i Io arl :s n o u oir o
:"

unu;rird'rg1 lduri nr:rrluaruriumounr:!frri6lrunr:ilrnmuavliufinzua nr:a:!ntuiuay
u aara uavnr:drtauona{lu

srr:rrfi 3.6 rnrudnr:1#nyuuufrnucn:yueunr:mrriuarnrani

1 2 ) 4 5 6

LO',t?6n1:

frlu?tu

uunau!uLn

?0n't:o''lu?fu

'tn

ttJltuL0?5n1:

n'tu?fu

u [a']nn1:

n1u?fu

!uta?0n1:

n1!?tull'tn

u1J t0?0n1:

nMfull1n

rao

rnru+{nr: r:riu SinunJttuLr

4 3 2 1

1. nr::r.luarutjunounr:

rJiuhnr:roao.r

roaa.rrrutYurou

ytnlr4u9tL')

riu rr a rldqrJ n: nj

Ba!415lfr!

0u'1't0flfla.1

nrio.:und: uac

tvlJl!a!

0aanfl1!J
I e.
ulno!,1nlxun

t2t4Ur.1A',l

1iq{n:oiua;

a1:tn!!1n081n

u"{rinn6'ol

Ll4tJlVar.l

vl0aoinl!

lJlr00uvr

n''r14uol')

llr?1uL?a1yr

fl1141tn tt

orJn:oiuac

a''rt tn!

uriodria'.i

lrjqncior

t1, .J 1Y6ll

rnao.:Lia:u

n"llllrufrauvr

nlyu9tL')

llt?tlJ t?a 1y]

fl'tyu0

lioin:niua;

a1:tnll

u{ L! nn910.r

llru'tualJ

z. n1:a.ltnnLtauuuylnrJan ]:
roaa i

dntnn[aY!u,!1n

ti an1511o6 0{

nnflan na0{ttna']

a:un1u9t1ufl1:

Yl9ra0n

a.iLnnuav

1tt/'v1n ir a n'r:

M O a O.:0 nfl 0.1

na0iuna')

unLin:unr!

n1:11fla0,1

d.rrno uac

uu14nira

fl1:M0 A0.1

lriqnoiar

ur{dtu uac

lin:uorrunr:

floa0.t

dirnnttacljufin

ft an1:uuaa,l

trlnn6'a': uas

'[rin:unrunr:

1lOaa,r
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n1r1.:d 3.6 rnrudnr:}incuuurfnucn:curunr:yrr{ivrurarani (sio)

3.4.5 BUUaouorlnrrufilnolo!J,lo:1dlu lirl1fun',r 5 rso'u (Likert technique)

rionr:o'ornr:liuufloaro nr:yoa or nr:drrJfr fi3a r:vu.irrar:i:yn ounrilo runriln:o 6or

lirrruar:a'rr{uti

nr:rrfi 3.7 {od, ntrluuuuaounrrnrrurfi wo"lofi fi rionr:dnfi on::ilnr:Guu rio.i

Gurruar:a'uniui uu n n r tU:s 16un r:rJ:r rfiu

tJ : s r6 u u a-ntu n r :rJ :s rfi u ti0vt

o'run15a0u 1-5

olun 0 n::1] n 1:110a 0.1 6- 10

rirur.J:cTutf eiofn G uu 11-15

TotaL 15

nrudnr:tJ:rrfiu
5JOU6!LrUU

4 3 2 1

3. nr:u!a(auaJa: eafl1:

Yluao.:

u antttJu1]ru

iorLakiond'or

artoa: uav

ofr!:ruara

aaflnao,inutaua

uacR:ouaau

tu0v'l

u{aRttlu!ru

tor ald'n nfror

aitoa: uac

oi:raara

a00na0.!nu

ta!a

unl,rin: oun au

tu0t.,t'1

u aatlrjrur0

daradoraki

onnanulna2u

ardaa:rjvia

afirJ:rona

aannao.l

nu10!au,n

lrin:ounal

IUO141

uUantr!rflru

torariorald

gn6'0.:ardoa:rJ

ua:ofirl:ruara

Lr6A9rnAainu

dorauaslri

n:0!na!tl,J014''t

4. nr:itaroaanr:ynao.l ultau0ilanl:

voa0.i 0u1n

0nno! tolnu

n:ctu

1l'ltau0ira

n1:roa0!

0u1.:0nna'l

udti rin:vdu

irrauoaa

n1511Oa0{

lrionsior

urrdlu uav

lilt'orou

!1tau0irafl1:

roa 0n tua0

n?]:]ffiU L[aY

'lrit"o nu

I
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3.5 nr:gfrluavurnrunrntalraiolfi o

3.5.1 uerunr:dnnrrrEauf#u rjilrruar:a'rLryuri drunr:o-onr:6uufuwf,urarv s rYu
.)p
LUUnll!0un0:,:

3.5.1.t finurradn an:uavt oudrauol rdoyritr ln fi n rr'aa,nao: n r:6nurriu
dutru rlvrodn:rr 2551 u1ol#rd{oln:rairrtarrdor,rr ror.J:va,:rinr:uiuui nr:d,ofion::r
nr:6uunr:aou nr:l-ntuaynr:!:yrfi uzua

3.5. 1. 2 An u1 r 1 u a y 16 e, o t o I rdo y r uE o r :- I r ru a r : a-l r{u ti rfi ofi o y u r I r a ir.r
dtr -llrJ!n15non1tr:uut01nfi!.i60[SuuitrrnrrirLrfrrL rarL 2 uaveifion::ruitrrnfirfiutfiu rdr: 2

dofi'rloua nrfudl rair nr:aouivruraramiuavrunlulad n:vyr:rr6nurE nr: rfioritauo
n':u6o:lluoo onrJ:yal6nr:6uui uavrdourluuarunr:ionr:riuui

J.5. 1.J lrn:1u1400IJ:ya{nn1:[5uu5 uaydon::lnr:tiuunr:aouornuu-lioriuu

irrrai rfilrsu urirL z uav{ion::ruitrrafirfirlrfir rdl 2

3.5. 1.4 6nu1ronar:u,avlruid'ufi rfi or{olfli Juulnr:o-onr:rirruiuvuf,lrarv
-!5 tu uaynl:!0Ljno:l (Hands-on)

3.5.1.5 n-orliruzur nr:o'o nr:riuuf dr u nr:o-o nr: ri uuiurI f,u rars s.fu iulu
nr:!frl.frnir

3.5. 1.6 a:?oao!.runrflro{u unr:dnnr:Guu{ Iouriruzuunr:o-onr:riuuftrllri,
w) ) t .4 a L)irrru?rlru 5 nufl :'ra rrr!uoror:dfr rj:-nnruavfirfi urtrrg q viru fi fi u:va! nr:njtunr:aou
itri urfl rao5fr u rruun v rfi lrfi r rnfi 2 druraa-nae]tuavni:aou uayrirunr:ior uay
rl:criuHa rfio!:vdunrtrrulnya!ro.:ttfiunr:o'onr:6 uui 6rrfluuurJ:vriunru6ouiu
llrulrn:rdru!:ylrrurir 5 :ysrn nifi

ncluu 5 u!ru6.: rutlrcat:lrnfian

nyuuu 4 u!tu6,: tultyaurn
nuLruu 3 ylrudl ryuryarrjrlnarr

aerrtu 2 yr:rufil rur.trvar.Jfou

nsuulr 1 ilurudr rfittrcal{oufiao

rirnvuuuuriavdolru antuulrulrrrirro6uuaydruriu.irurlrtrfl :oru
Iooirnrudnr:fior:rurzuanr:tJ:vriuFr?'urrur.rlua!fllrnrtrfiouiutorrir6urtrru6'.ri

dtlnyuuu 4.51-5.00 ulrodl rylrvaurnfiao
dtrnvuuu 3.51-4.50 ylrufi{ rr4 rcaurn
tit':nyuur.r 2.51-3.50 ulrufi.: u/llryal!runarl



40

.tirlncuuu l.5l-2.50 y!ru6.t r rlrsaliau
drrnvuuu 1.00-1.50 y:Lru6r rurtrcatniou*'ao
,' t J - a -, t '. 2 -arnlraa un?.r! 6o rfi utro.:{riortrrgilrird'r uri z.so fi uhJ uayciru

l. r , -ruu{tuurJln:6'ru1rilnu 1.00 6oiruruunr:aouinrrlrulrval louHanr: :vrlu[!Hunr:
ea ) , -o0 n1:r:uu51,50.i ll5urrua r:a-ui'uo Inrrodurvird'u 4.00:vailnrunrlrrl4lt.tvar]rtn d?u

.) ,-
tuu{tuuu1gt:5'tu[ 1n! 0.71

al.t.z riruarunr:o'nnr:riuuihlvroaorl{rilrinGe,u rfiofior:*nrur r.r.rv6}r

narfi1{1unr:o'ofion::rnr:riuunr:aou udrrirue.runr:aouhjr.Jiurjqruriludna{.:ui.:hi

rurrvarL0.rdu uacdrur{unr:aoultflfluniloialhl

3.5.2 uuur06auinHadlqndnr.rnr:riuuuuu + rirn-urYu (4-tier diagnostic tests)
d At:0! u5!'r6ua1:flxl{u6

g.s.2. t fi nurrdorar muii'utlo6n ri o r r.Jirrruar:arfru$ ornriuriryuo n:ol
uur6ouaytorriruln:{airrrolrirnrr:

3.s.2.2 afrluuuroaorr-ozuaa'lqudyrrnr:Guuulul q Girni!;fu 6or liurruar:
"-varvtuo n0 uuu!5turtfl 4 er"i[don q 6ird'! {u (4tier diagnostic tests) ld!:-rrj:,: rnrur4

nr:itn:rsr,iornlruio-u Sreenivasulu and Subramaniam (2014) sjruau 10 da rfiodlfi
-.1o,{Unt:UUl14ll4elr,laLunl:taflnflo1J *av:L:c(i'UarrurjU-Lo hiI.[OaOUOq]lU:voTunrUil'r

(Knowledge) .. rr,.il.10 (Understanding) n r:r.J :v u n cild (Apptying) :v du nr:i rn :rs d
(Anatyzing) nr! Bloom's Taxonomy riouriuu iiruru t0 to uavva-r uiuuriruru to to
r . r , e 4 ' ;" - Z .i
[o u Lrruflaurorllldoa o! rrt!sr'r rdo nfraird'trju (4-t;ers) filrJ:vnolriru t) o"rrf,on q oir16an

J_o
2) :colnrrluiolnriruild'rrfron 6:yfrl1 3) rysrzuafrtdlunr:no! riln.tl uav 4) :sdunml
JUo

[t0tjua1]1:1ln?[a0n 6 :uou

3.5.2.3 d1*!!ytoaolfi airriuhilri{rfi urtrrg rfi ofi or:rurnrrln:lrfi .lrdorar

nr:1{nrur [?a1aou ttavn']luri4rJlvarrorrirnrr:vr'finrrraooadorfi'uorr!:varriloufior:rur
qe di -1f n'lurriurravlriny rruu rfiofior:rureir toC (ttem objective Concurrence)

3.5.2.4 doianlitoaoufiirir roc sr".:uei o.s :iuhifio.ir.iloaorriuaoond'olri.l

-__,- _ t43t" ,qd, - -i q o.-fiou:va{oyrer.: L?uayt0 LotJFtl tOC oin?i 0. 5 rrLrliltl:.lufiLt1raotu

3.5.2.5 drruryoaolfitd't!vroaorfiirinriuur'ua-oulfi nurilfi 4 I:lriuuluuar-
i, - : J .-n:i'ru 0'I'l0tuua.: n{yiouailttAr.il d.]u'tlJ 44 nu frr.irunli15uutioyrtiolrjilrzu

ar:ryrntj (Try-out)
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3.5.2.6 r{an'r:o:?onvuuu:J'ti[n:']v'riv1ri1a?1xu'tniru (p) rravrirdruroiiruun

(r) 'uo.ltoaoulo un'o 16ondoaolfiirirolruur n.ir u (Difficutty) 5uv'if i 0.20-0.80 uavurrir

druroqir*un (Discrimination) 'uolrloaol udrrfionta rcdoaolfrfirir iiruroil'lttun0r'{ttei 0.2

:.
lru[1J a n1:? tat 1c14t 0 a 0! tlao{o.lo1:'1.:

n1r1.id 3.8 rirnrruarn.iru (P) rravcirdrurodr rrun (r) tflu:rutotroluurLvo6ouiona
- 4. -;
a 3J q r 5Yr 1.: n'l5 H UU? 1,,1 [n X] t: 0.: l.J 1 l.l 1 tu 6 h u0

1l011 riromuurn(P) rirdruroritrun (r)

1 055 055

2 0.75 0.23

0.73 0.27

4 052 068

055 04s

6 0.50 0.36

7 080 0.32

8 0 61 0.32

9 061 0.32

10 0.73 0.45

3.5.2 7 dlrurvroaalhJ'ldfi'lrinriaunfr rLriroeirl

3.5.3 uuuaou0rln':rIn-lnolotroIrin15uufifision15{on15Guuf rio r rJirLrn ar:
-l;" e u u q &. 4 -

aluvr'ud 6ru nr:oonl:t5uuiu!!a! t61u 5 tLrvltLun151.il!nnl{ alvllJunt:uuxuuiullfl nul

3.5.3.1 Anultonar:uavlrui{ufitfiurdolrYlnrrlfilvrolo rfioritlrrilullonlo!

:runr:ion'ltLfirrolo

3.5.3.2 a i't{ u!! aolnrl nl ufiln ott sl r}r !:s 16unr:rJ: v tiu 6o oirunr:aou

ion::rnr:voaol uavrl:vlutdriorin6uu arrtL:cfi!nrrlfi lnoloutrlrLrn:rdru!:vlrrunir

5:vd'r iiruru 15 do:roavr6ooo-lnr:rrfi 5.2 ravrirralo:cd'ro'lufilnolotolrinGou r{lu

5 tYolr o'rl.J
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I

rilof, u q.st-s.oo r.urudr firyralolrnfi ao

rirrodo e.st-+.so urrodr firvrolorrn

Filraeu 2.51-3.50 yrru6l fiqolorlrunar.r

rilroAu 1.51-2.50 r,r:rru6.r firnoloriou

rirra6u 1.00-t.s0 ylru6.! fi{ilolofian
) e ! qeea ;3.5.3.3 1rL!!aolnrufr airl{r"'hifi r{urtrryn:rraolrfi oo:loaounrrr:nndol

UJdrur oyrunyn':rlt"ouold'runrur ud':riuLJ:nrl:lnudorauouuy t'ofi lrirulraolourfi o
. ! ' . v 4 ei ' d Ju1!!at:?nn't1rJyt.l110 t01J0{un t:ut_JyrtJfl 0n1:00 nnni:rL nr:t5uu t5ol rJElrruar:d'lryud Lou

1{qonr:vroaolnr:ritJfr fi iur:vra'jrlar:rJ:vnolnrilorunnlun:o

3.5.3.4 iranl:u'tntun1r{ro{ulJlaolnru irir toc tyilri! 1.00

3.6 nr:rfiu:ru:'lurioua
i 3!, Ji*-l.. - y -l[!n1:1QUai it-t r]1 nu Lootru!n1ttn!i'tu:xltolta ottlr]unouoi.:l

.j
3.6. 1 io n r rl rrlr'lo rS o r !i l r ru a r : a-l yiu d ri o u n r : {n fi o n : : l n r : ui u u f lo aki

u!!moaolriourSelu (pre-test) lunq'uot"rotirtloulfiu"nriuuriruuuoaouinnrrridrlorrrl 4

"- !,
rird'rriu (q-tier diagnostic tests) dru:u 10 to

3.6.2 rirriunr:d'nfion::unr:6uuiIarul,{fion::rnr:riuui6ol rJiurruar:aTuriuri riru
g""l i- a a)nrioont:l:utJl LllJlJauratu 5 ru,ruunrrlnlotosl riryir.r{nr5uud'urTouufi nurifi 4 nrl

u) w ct"
uruunr:o'onr:u5uuffrafr lliil'ruru 3 [r0.]1.J li e t-rll I uavrJfrl"6 nr:vrna o lnr:drrJfr fiiur
rv'i'r.iar:!iunornriuorunrirrirdrLarul 1oul{n:u!onAou.r

3.6.3 yloao!ua'{riuu (posttest) '[un{l or-to drlln ulvftin 6 uulilrll y oao!?-on.] 1l
r{rlouru q eiro:!'fu (4-tier diagnostic tests) ror6lfindrundrriuuriinr:aa"'u{orirntr
ir'ruru 10 do

3.6.4 iori'nucn:ylrunr:yrliyrrtrnranflouldurlior'nryyn:yurunr:yrlimornraoi
a, i a <, ,va51wu r{r{J!nr:rJ:cL!u:rr,nal"L{i5d.:unnl,rqFn::ttolrinrEuutruvlirnr:yoaol lou
fr tr:rurornrnrudnr: :yufruntLanrnoil

3.6.5 inn:rlfi.rvrolooionr:6'ofion::lnr:riouirjr-urruar:dlriuii,uorrinriuu

i'urioolfinurilfr 4 n rrL!:c 16unr:rl:c riu 6o drune:aou fion::lnr:yoaor uavtj:vlutri
n oun lsuu o lrr:cor-un?l fr lyt olo uuurLrn:rdrurl:vl rzurir s :vd'u t'ruru 1 5 to

3.6.6 ul{olaolnnr:riruwvo6ouriouGuu ufi{riuuuacu!!aolnrlnrufirnoloto.r
unnuu 110t5?0 Lyovuuuuayi[n:lslidola[ooionr:yrlafr fr
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3.2 nr:irn:rcdtoua

3.7. 1 rnruc{nr:irn:rsrddoua

3.7.1.1 irn:luunrrr:r.,Ir'Loto.:fnriuu 15o trjir:rruar:a-r:vrnd Iounr: rrJE olrfiut
rirrodurainvuuuornnr:riruuuyroaouriour;uuuacr.ra'lriuu airuronr:uoaorloul,{n:cuon
o r qv --3 , i ;ooul tou Ltan01Iunlunlroau fi 1t!u.l[!1.J!']9ti5,tu

3.7.1.2 nliirn:rrlirioXaorndoluruuu q iiro''! "fu (4-tier diagnostic tests)

loufiit'old'rjflrl:lunruryinrrirn:rvliornlrlio''u Sreenivasutu and Subramaniam (2014)

^ -!
9r'11r [n tuy n 1l ! :3 tl.J u o i1.J

1) CF (Confidence) vrro6r nrun-ulo

2) CFC (Confidence when corect) ylnufii n-ulorfionn

3) CFW (Confidence when wrong) utrudl rlutorfiofio

4) CQD (Confidence Discrimination Quotient) ralrufil nruriulo

tirurodrrtun vrldorn4n: 1(crc -crw\ 
1" sq,

5) CB (Confidence Bas) ylrr.:fi: crrrrft.'tonrrlrrirudul yrld
. J l- -01n4m: r.r - r)_ /. r!0 A* n00nl1.in1raonrrauryetr.Ja

t,5,1
3 7.1.3 irn:rsr,iurririooavto,:fnrioufiin.:utdr'lnF]a1qrn6o! rior rJilrru

J.
alta}]yruo nrn!nriuuy0l0LJ0ntyn ac.to 5a noLaor a ann

t 'ii

3.7.1.4 i rn: rsrifiiFil[06 u rir rr.t'u I rl ulrn:s11.tlJo.rn?1r.] at].1.1:oyt1.lri.tufi'nuy

n:vuru nr:y rliyreLrnran i
3.7. t.5 irn:ryr.iyrrirafiodlmurirrofiurirrfialrlulrn:i.ru1to.tn?1tLfilytolotol

d;

un L:ulJyrr]n a nlt 0on i ni:!n ri riulr 15 0 i!51r1tua 1:a=lyrud Iou-[.Uto nr:moa alor nrJi fii ur

:vy'irrar:!:v naunrir orlnfiiriri'rLarut Iooldn:y!o niour

3.7.2 afi Adtfflunr:irn:rsrfdorla
s or --o" .jJ./.1.1 rlJ:LlJLyrUlJFtyrrLUA 0! !OU Lt a0rfl!s.'tua. raa u F^r!u { tLLr].tn:nl!

3.7.2.2 F$riauaunt urtrlonnr o rn f,ol ua y6nrrlyll udola rfielu!::uru Sot
rlil r ru a r: a-r:yi'l d

-i ,j
3.1.2.3 lt1Tl?:l,urn r laa= o nrrl=UIlr.tllrn:q1ulo,ia?t a1 1t0vt1.idluvinuv

n:; uunr:urrinu 1flr a ni

3.7.2.q itatx$n: rr:filyrolorionr: o"onr:r:'ouSfinrulllrudorLa ritLuu::oru
,;

lou-l{nr:rarrirroSu (Mean) n.t:y1d?uriu.:r!ulr1n:E1u (Standard deviation) s :vofu 6,li
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a.l
5 = n?UYl{ Olnll'ln aO

4 = n?,lt]fi{flo1n!1n

3 = n?']!fi {v{o'tnl1una1{

2 = n?'ufilfiolnfou

1 = a'lrlfilnolnfaufiacr

nr:'r.:fi 3.9 rnrudfiltlunrrirn:rcilfiwrolorionr:{nnr:rEuuf

tsoun;LLuu nr:*rJapra

5.00 - 4.50
.i

n?1!vr{ro Ln!lnvraFl

4.49 - 3.50 n1M{{ylo L0r.l1n

3.49 - 2.50 n':rufilnolothunar':

2.49 - 1.50 nrrrlfirnoloriou

0.00 - 1.49 nmlfiryrolorioufian



Ufld 4

,.r a n1:46'u uavafi il:'rrr ela

J.-
n1l?au tla u0n!5'1u atnu?n!n1:aita: n']'tLltlj't L01J0nuflrSuu r:0{ u:1r1 altar]1{un

Iounr:rirrJfrfiiurtorar:rl:vnornri!ouusri!n:o l:rrEuuTur:alnirTfi drrnoluuar

or-rraioun::rtdlr rirfn.:rurwfiufinr:finurriour6rrulrrrl 31 iio"uldrirraiodo6oronr:

vrnaornr:ritlfliSurtorar:!:vnornrilaruonlln:nloeffin:vuondour GolGrrruarra"ulr'rij

hJrirriuvoa orn5or rfir:ru:ru{oXaornn{rLor-':o tirllo uldurrvoaorior.raa'rqrBrrrnr:

riuuuuu!:#utin 4 oiru6on q cirn'urliu (4-tier diagnostic tests) uavrru! :vriunrufil
id, iie -Yl0 LQ1J0.:Un ttUUytl.lfl 0 n1:00n 0 n::! n 15 t: uu t ua vulu 0 rJ ay totJl? 1n51314 Lou15n1:yt1.l a 091

6.:ffii'uloiirn:rvildaranur-onrl:ra.:rinr:io-uuavdrrauozuanr:io-aourir6'ud'rriohlfi

4.1 nr:frerurfion::!n1r'Iroao{ r:'ol liurruar:fr'rLrdurjlounr:lirrJfrfi3urto.r

ar: :vnountiuoruod!n:n

4.2 nr:rYrirurorrludrlotouinriau Gor rJirrruar:allLyr'udlounr:rirrJ!fiiurto.:

ar:rJ:v nornriroruo rYun:o

4.3 zuanr:irn:rcrinrrrLfilnototo{u-nGuusionr:o"ofion::r:fiujlnr:alfiorJfrt6oir

(Hands-on)

4.1 nr:r[zuurfroni:trn1:floao{ Go': Glrruar:#lriud lnunr:litJfrfiBuruo.rar:r.l:vnou

n15U0[UnnunSfl

rJfrffiur:vra'jr.rltt6ul1olo:rounriuoLl./o (NaHCo3 ) riun:ouo6finornr:'.rfrra',ra1
.4, -aa!n1:Ln L1]1-Jfl iu

NaHCOls) + CH3COOH(aq) -+ CH3COONa(aq) + H2O(t) + COlg) (4.1)

-.i - iornarnr:rirrdu rJfl il5urrnfr fr rdoiuocldrn6olt16uluoi!nn (CH3COONa) dr (HrO)

ua s ufian riu ou'[oa o ntori (cor) rfluar:zu6nrYruqi or n nr:vroao.:rilna'r.l r:raur:ofinur
r ri- irr< d !u:r.J1fua:J1ru0n'tnnr:'t o U: ll't0 : lJ0.i rr fi a n 1i ! ou Looon ttovrtiloiuldlnul{n:vuoninurfil

; "-,riJuq!n:rurh!irrnrfr vrldiru dru!3rrn:taruffanrfloulooonltoiLilorun:lornn:yron



-1.c,3isrur o rnriurira alu n r:r oa o.lur a f r': n: ry{:v ui rlritarint a.lar.:r{ rYl rjil r n:uol ufia
i J ^ i w A)nlluou[f]oonLro (n1 vr 4.1) utan1fiuetLru5lr1eElo.iula!a1urn{frfr 2 l]aaasr:

9OO€ooo
.tl

ti)

€'

o

o

o00 0.05 0.10 0-15 0.20 0.25 0.30

ruaHCO, (9)

n'ryifi 4.1 n?rrr#ufl'udi!il'jr.:ulr,rrin$o{lqrGurrlslo:rounriuorun (NaHCo, riu

Gurer:tarufianriuouloaonlgd (coz) drfi odu rdaltGlrn:trol
te
u'rdudlur 2 tlaaan5

d d qe, ;ornntnfr 4. t ovrriuloi'irrfi onrrJilrm:rirdla^ug1ifr 2 iafi fi sr: tutirlru:n!i!rn:rol
,r c ..;- 3 S ,- ,- - J i | -ttnaellu0uLn00n[$o rno11] i ullu0 u f]uljill'rfulJ0lzu ly'l naraao rIo rfrlriryinto.:al lyftri

lrnfiu6ou1 nvjrlilrn: tourffanriloulooonhrid;oldrfilrLrndlnrldrrYl uacG!orfi
A qwi ![ 0 Lnulu! nto{r,J{yll_J:y:J 1ru 0.14 n5! ttao{11 LUtl{ri{narr! zulyl rijuar:riryuo 5r]rru

.\ ! ! y a, A 
":,(r.tmtttng reagent) a?uu1alJ6'tufl rlJ!a1t11ul nrnuyt0 (excess) LJuyrJ1un?1t.l.1.1 n1:floao{ltm

acniiludrrdovfir.lrduarutr,rldrufily6a uavrfiorirnr:yrnaorsiohJ#ou 110urfrl!;liru
a, ! q ,;- ! 4d

l.r{Y'{114r.l1nru vllJ?1 rl:u1flt rtnan15!01t Lo00n hor[ao1u! rru-]lu!n{fr o.:uurrov1.8zuldLu
,,a ! i a lle!51'rtuiiln nduiFl'u.J uao{,i't lutrlo-lnarri rjr dua ru rrtlu ar: riruunU3:Lr ru drurul{

a.i
nalultJua1:frrrlnr uyrouytu riraMi0y1ioa!tlato{!,fiiu1y5oonfrar:aolstrrirrJifiiur

- .;-
o6fiu [dolnood'o ro{ni1y'lfr fi n1i[!5ouu!alto.:orurll

u',l:rJ:rnor-,u',lir.,orun6ntfrorairfirjurldlunr:moaor6ounaufiurrnriuauur, rJfrfiiur

tO

li :oc

d'oo
10

:vv'i'r.iuna16urrnrilorun (CaCo3 ) riun:ouoBfi nornfrdr:arut riJurYld



CaCOls) + 2CHaCOOH(aq) -+ (CH3COO)2Ca(aq) + HrO(L) + COz (g)

41

(4.2)

rtiu16urrirrJflfiiurro.r,.r{4fi!d1dra1ur arr ann-rudfiriodrornrlfrfiiur:vr,r.Jrr

unardurnrjtorun (caco, riln:ouoifinornrirdrartrlovl6rn6otor una16uluo0roor
P

((CH3Coo)rCa) rjr (nzo) uacrtfianriuoulqoonlrri (Coz) n:rr'{:vy.jrlritarintole.rlriryl

!3!rfl:roruffaflriloulooontrr,i rfioriryuol,i'.Jiu.,r:r,uori.,d'!a.,urarfifi z iaaa'n: .taor

n{n1y{yr 4.2

ooooo

0.00 0.05 0.10 0.15 0.20 0.25 o.3o

caco, (9)

20

^ 15J

- 10

oOs
0

s

nrflfi q.2 nrruduniud:vra'i r.rr]rurinuo r un a 16uun r iu o run (caco3) rfi'urjilrn:go.r
uffaariuoulooonlsei (cor) fi'rfi oriu riioldrj3r,.r:t,o.rrr'.#la,luX 2 iaA6fl r

o1nfta nr:floa a{rioao 'l n.,rr ra oo yrl.jrrlirirn: uffanriu oulo o o nltrifi rfi o1Ju ru 1n
a!!4fi rir urn nsirr riu 6 rr"uriirriruu"ntorar: :vnolarilo urn rua vtlir.,r:ro.l r.l..,duaruro,

iririvirfi'r #rdrflorrrorno-r:raruhatarar:firdrdrrliiiurlualnr:rnfllrlrvirriu ndr.l6o
.-l
Luarnr:i (4 1) NaHCo3 drrJfriierrno6fir cH3cooH 1uo-o:rdruhar{h 1:1 a'ruarnr:fi
(4.2) caco3 dr!flil5urnoGrir cH3cooH'[udr':rdruhar{]u t:2 nrrrirryl d'rrir" ufiold

rirurullarornriloluo,lurlirrrufirvirrYl rJfrfiiurorn NaHCo3 6.:1dn:orjrfrrarugdounir
-! 4
d'rriufr o o alra ir rio uflanriu onlo o o nkrir rn n.ir ua cilirrn: r,fluao.r ryirr o luffa
nrirouloaonlrridldornlflfiiarroi cacor n'rn:orhdlarog 6l#laolrJnfiiurarr:r:o
riruru!irrn:torufl aarilaulooonlrrifi o c rfi ofi uki rfi omr ruqruunfr uavnlrrLriuu::urnrn
truvrirnr:yorao.:loul{alnr:tolufiaalX:ni pV = nq1 ,6u R rijlrirn lfitor uffa firirrvirryl
0.08206 L.atm.mol I.K r uavaurtnrirurruyrrualdiouavld

/
/o

A

/I

/
J
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4.2 nr:r{ruurnrrurtrlososrinrEuu rEor r.Jilrnrar:a:niud Iounr:rirrJfrfiBurto.r
ar:rJ:snounriuorusrrYun:odaugonr: oaollou"lcjn:s!on6our

4.2. t rr]ieru rfr arnsuuuriouGuuuacud{ nr:o'flnr:6eJuf

nr:rlfi 4.1 qirurufinGuu acuuucirao nr!ulu6,:do rirrodu (ioua;) uo,rrinriuu
i,
fr nauonriou15uuua;rad{ rEtiu riasir{tolayrruuroHu

nu$uu a1u?u RJ[[UU

[n!

Min Max Mean d?uI1J U.1[UU

u19l5i']u

n0!

t:uu

a.i

L:UU

45

45

10

10

1

4 10

2.53

(25.300k)

6.38

(63.80o/o)

0.89

2.23

h a n' :i re : r y dorla o 1 n r.L rJ 11 o a o r- io zu a a"r qvdr r r n r: ri uu ui o r rJirr ru a r :
.i.-;

a{ruus rnoul5ulufruraruofrunvuruurior.ritvA'.rnr:o'onr:6uuitorndrd'rodruJ:rngir

avuuuuafiuua-r riu! (6.38 raio iooav 63.80) a,:n'irrrv[uuraf,0riouGuu (2.53 raioiouac

25.30) uaol'lrirfiu'jr rinrioufiLiiunr:donr:riuuflounr:lirrJfrfiiortolar:U:vnou
nriuoruorir n:odlurnnr:noaarlou'[dn:v!oniour GollirLrruar:d'rri'rri 4lduoi16l
.,, \, - .iyt,

rUuLrJorr:au6mufrfrr1i uaol'jrnr:t'onr:6uuflnunr:rirr.Jfr iiortalar:!:snolnriuouun
n'!n:rrdruronr:vroaorlouldn:vlondour rirllirinrioufinruinruuirloufirr:rnfiu #rdrflu

rur:rvnr:o'ofion::rnr:riurflor1#rlrriuuirfialfor-fri6oirrionJir"ruar:a-rr{r.ij fidrurjru}i
d t;un!". ^ Ie,qsaa(1) LnO n1:rtUur'!1rltlJ Lvunrt uL Lo!flto\ R n I t:!61r auro I lirlririn15ur"laiilrl:yar-nr:run:.:

0rnn1:voao{ rzl rinriurldl'illr-nuuniv!?unr:vrrlilrurnraniuriflryrard'.:unuror lirl#
1,e j - -3 )unt:Uur:Ul.Jlot L nlrrltul LA LoL L!r O{yo { ii I a lr,alvrinriUr:izuad'lqu6vrrlnr: riUl6iU 6lola

iiofiaonnaio.rfiirrrri{atoroiuhli tuvr:r uava:r rrirv::r (255q) kiairlro!fru5nr:fiuiu
nr:ilfrrifroirrfionisuurnrur{r1oulr6o Go.rooaudnaruna,,aclunuoinru16ou orninq
:rJv:rrirrl ornnr:io-un,ir n(ur:vtrn:rrn6uulYurioulfinurtrfi q druu 190 nu uac
nq'lor-rotjrlrinriuudlriou!6nurijfi q i'ruru 49 nufiriard'ruqorJilTnr:fiuiunr:!frlT
rirld:n nr:vro aouiooru ldr'to uur6o rior.r ua sraa-r nr:rEurdr utorjflu-fi nr:fiuiunr:ulrifi
oi r u.li u I ifr o r zu a #l q vr B n r r n r : ri u I d.: I n r :n o a o I ri rv)nr!)ulJLllU1rfuAAr.rflvr6'|11in1r15ur.rpi.:rnr:lroaolrir t test uravitn:rcfdoratfiolrr
r.J:vfivinrvrrio'rronr:aorrirsnr 81, E2 aran'r:io-anuirtorJflrTfinr:fiuiunr:u5-,iarirfi

tt
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tl:vf,v6nrn 82/80.75{riuufiriuudruqnrJfrtfrnr:,iiairrdua'araa'lqrdrrrnr:GourfirLdu
, a- . - J

odr.:ihiucirn,ryfi:cd'u.01 uav{r3urfinqfin::lnr:riuuffi66u rjraoondorryrrruio'uto,:
Dr:r.ruru e.irudruor (255a) kifinurnr:ldnr:aouururJfrri6oirrdovriruurnrrur{r'lo6o.l

gtlir.:llraqa touinGuu:vnludurioalfinurijv'c nr.jrl.raa'rqvrdyrrrnr:Gurradr6uuarnir

riouriuuodrqfiilueir6'ry rinGuuin:vlrunr:6nuavri'nucnr:6uuidlgru 3 dru n'o lr-nuv

nr:a'{rno nr:irn:rvri uav nr:6oodrrfi uanara fnG uuinrtrfirnolorio nr:o"onr:riuufuru
rJfrr-froiroeilu:vriulrn uavu-laoondorri'u.:ruio-uto.:d'ndoi anru: ua;lrunr arf,ry
(2554: t55- 162) kio"nfi on::rnr:riuufriurJfr l"6oi{rfi ofis!urronafi rioiyruroraFiuay

-4-ielaa-rqrsur:nr:15aurSornr:r!6uuur.]arar:uavnr:rrunaii n q'r m-r o drr riJuu-n ri uurYu

r.J:vnrer'nrsrifi o nr:p1'nurduni.,nrrr zuaa-uqvrsya-rnr:{onr:riuuirriuar:r.JfrriFoir
(Hands-on) firirraf,a 22.69 $D 2.15 )Iourfirornzuaa-r,qvr6riou,iuufifidruofiu 8.44 (sD

2.22) 6orrflrnvuuunrrufrrrufit u.z5 uioiouav 46.67 ornnr:irn:rvr.ivrrrafifidru
dependent t-test yr!i1 aaa-rqvrdradrFularnirriou6ouodxfiriurir6'ryvrrrafi6 {p < .os)

i- -uonrrn! fn15ourirfrroornfrrioirrivrorarani'tl:vo"lar (mean 4.68, s.D. 0.50) uavfi
n'rr!a'1,.r'ri0yrrrir!f'nuvn:c!tlnr:lrrlilrararasri'h:s6'16 (mean 3.75, SD 0.77)
^^_ -d- 9 '0'r0[u0.:ornrr]0n0!tn15u!L!LoFioutri!frfEionr: nlrvroao.i ufiofnriuul6'arfiorJn176
^q----. .j . an0n:MrLul.Jn't:!runnii (Hands-on) olrir'Lfun15uur onr:15oui frnrrlaulo 6uudu

ourniournaor drrua'lriinv urll,ro60hdrurTnuvn:ct,runr:flrriv]uraranioulurnrud6

4. 2. 2 n ? l il rtllo uu t 6 o r o l rin G u u rE o,: rJi t r ru a r : d'u riu d ri o u ua c il a',r n r :i'o
nr:rttru$

nr:6nurorurdrlouur6o.tolr.inGeur:'or rl:'r:rruar:#ru'r"i riou*ayv#,:ldiu

nr:donr:riuuf 1o u nr:rirr.Jfr fii urtorar:tJ:v n ounriu orrn6'u n:ndr uto nr:voa o.lIo a1d
a ;an:vtondour 61fr nurranrvrirnol narJ:rnnn'li
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J ,, A { a
n1:1.r?l 4.2 n150uacro{unr:uuraoun?ra0ncfl nouHU![[arva.:[5uu

lJOvl
io aa:n erlt rdr'lot o.:fin Guu

noun?raan0n n0ur:uu naun?[a0n0n a{HUu

1 20.00 53.33

2 t).)) 77.78

3 24.44 77.78

4 71.78 51.1 i

5 35.56 53.jj

6 75.56 51.11

7 t3 33 77.78

I 26.67 64.44

9 22 22 60.00

10 24.44 71.77
j

taau 25.33 63.78

n1:r{fi 4.2 uao.:iouarro.:i;1u?u!-nsuudnor.lrir16onnn louhifi or:zurrunara
J,.

riauriuuuavraa'rri au rEolrJirrruar:d'r:fruij Iou nr:rirrJfrfiiumolar:l:sno!nriuoruor
d-d!n! n500?ugon'l: qa0n Lou [tn:y!ananul Yl1J21 unrtuuyln0l]0? ta0nnnua.:t:uu

(iouac o:.za ) qln'jrriouriuu (iouav zs.lz) uao.i'jin1io"flnr:rEur.rilounr:rirrJ!ffiurtar

ar:!:vnolnriuorunri'!n:odrutonr:yonorlouldn:yrondour rirbiilnriuufinrrli
vc J ! ,

n?'rrJtlrl tn LY{}lu1n?J! unn1t1lillru't[o'n1yn1:fla!o'] ta0n0n010u.t L!a1 'n0u0n Lo1'tun t-uu

n o! ri'r n1:ronfro.ia1nn'r rx rdllaoirui olri rfioro r n{o a orrafi.riirn"uriuir u qionrsFnn Lol
.- !n116nB1n?1 tt'r101J0.:Lnt:Lua.io0{y!n1:[!'r0rntoa0!a?ra0na0{a10ut]u (2- tier

muLtipl.e choice test) Iouqalnfilnolrttavnl5o8lrauyot.rarJ:vnoldra

nr:fi nurn':urdr'lnBu?6oroifnriuLGo'i !;!1rua1:a]unnd riouuayr,rfilldiu

nr: o"onr: Guui Io u n1ililUi n;ultolar:!:vnolnrilo rusrrYln:nfrruto ntiyloa o{Iould
------d-.-44 - .- Zn:v!oniou'r i.:frnulraflrcrirnol uav ruor.rafiorol tlilr.J:lnr:i tn:rcynr-? ta-onao{6ird"!{u

(2-tier muttipl.e choice test) orntruio"u nlaqt ltoritil uas16uo t'uil J (Zssz) zua

rJ:rnno-ld
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errl{fi 4.3 drfouacro{finGuufi nauel'rr6onon nourllnr.raon uavfl ou6'r16onuac

tufl alaon n0ut:uuuatya{[lUU

ga11

io uavnml nir'lou orrin Guu

nau$uu ua.itSuu

nau

o?[a0nofl

sloul nf,,la

nn

ao!

n1[a0fl

uaclunfla

flflYt.:fl

0tol.J

n't[aanfln

910u[14flfl4

nn

a0u

n?ra0n

uaslltnHa

0n {6

1. 20.00 667 6.67 ))_)7 46.67 46.61

2 75 It 0.00 0.00 77.78 68.89 68.89

3 24 44 8.89 8.89 77.78 60.00 60.00

4 31 18 2.22 2.22 51.11 48.89 48.89

5 15.56 000 0.00 53.33 35.56 35.56

6 15.56 0.00 0.00 51.11 40.00 40.00

7 13.33 0.00 0.00 77.78 77.78 77.78

8 26.67 0.00 0.00 64.44 53.35 3).))

9 22.22 0.00 0.00 60.00 37.78 37.78

10 24.44 0.00 0.00 7 t.17 48.89 48.89

taau 15.5t 7.78 1.78 63.78 46.67 46.67

! --,r151ny 4.J UAO{:AUa!10.101U?UUn$UUy}O01JF?[aOn0n n0!Lyr]r.ta0n uayfi oll

ri'l16onuacrfin ann riouriuuuav a"{rirJu lialrlilrrua r:a'lri'uij lou n r:rirrJfr fi3u rrro l
ar:l:cno!flriuorlorrYln:odrutonr:vroaorloaldn:vrondnur n!.ir rinriuufisrou

a , - 4 ) y_ a
tet^r1vFr't La ofl0n !te'lu'iuuinn?lufl t:ult flolJluon]aofl uac lnfliiuntiolytnolyNdr tdo n_ ! ,,ri ,,-._,.

f , d !y q 3 lct , r , a y u dLlaut er ann { n0ur: uLJ tta cua.i$ uu y]{1L!uLyll'tu?1Lau!nfl[LaltnL5uuIFr?.]!6r.trFru

,' e )d 4 ) " - ! - e i u a d ;n!taa0uvtlJtnunu!{a 1o !tun 0t0a0!yln0! [afl'tc n? ta0n ta u{oulitdur urnn?r?ioao!y]-
4 - . - I - q.

uih., 2 a'ro:lrlun-olrin orsri rio n ua rF o1J llrn ari?u rin riuulrirn aiunn nr:lvlrvrqeia'tun r:
:/--.c e d !, e _ a " - J , - x - ""_-[a0nnrr]0'lrrJ0.ilJ0ao! anvrtoa0!u'Lia10!tjua'tlr:nnrolorLrl,:runrr gfu1iuillirlfii

u"nrSoufinouranrvm-r16ongnl'iiru':u!rn n'jrfiFollou}iuanaann riofior:ruriirueurin Guu
^i----,r,+ai.vrFr0Lra iya?raonnnntlrua-.:15e ullrnn.jrriotriuu rfiofio r: rursjrur!fn ri uufi m o!
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t nna0n !'i1ual{!5uuIllnni1nou[5uu uas u.loa0'l:fll1Q1u?u!nt:e]uvlYl{elouo? taon0fl

- ,,, vla ) -
rraur qrJa0nfl!i1vd'.rt5uu!!'ln n?l noutSuuttuflu 1i{utlJutlI:1YUnt:UUvrla!nntol\'lvel'l

i- a e I

16onrcuurerir rinrSuufr ririnrrrltdrlo ondalurldruuavnaro tn6 ou!'lnd?u o'lriunrrl
x- -

trhloQnd'o.tov6o{in15 1alnn1:no!11{d? La0fl uavt}!q anl!tn ?ln1:1101:6u1[tu? ao10'l

rinriuuloudrl6.iorn Abraham et aL. (1994: 147-165) 6loyrriuiryd'lriuufntiuuero!

rlroriann uavvrsl6'l 16onuac Lfin annidlu2u1llnn'jlrioutiuu 6.:arr:r:naflld'l'l n151"fln1:
'"'i ''_ri' ___

rEuuflneinr:frtJfrfiiurtolar:rJ:vn o!n'ri!atuorfi'1Jn:oeilutonl:vloao{qul{n:v!an6our
qjvi!

dlHa Lriarut'firloto{inLSuu Lut50{ !i!1rua15auYiun rtn?1rtnnfl 0nLlIl]lllntu

60fi or:zurrir ta6 uru'jr rirururinriuufifloun'?leonqs (iouac 25.31) nau

rligr,lann (iouav 1.28) no! 6'x reon rayryqrraq n (5ouac t ZA) riauriaufiritioun'jrd'r t6an

gn (ioerav 63.78) nolruo aQn (5ouau 40.67) ooln''rr6onrartynmann (iouac 46.67) vta'{

riuu 6ratn:na1Jlddr nr:ionr:GuullotLnr:rirrJfriiurtalar:il:cno!o1i!otl.lerri!n:o
eq 

' 
d

oi: uronr:mqa ollou ltn:c!a ndoul a': a'114n1'l!td'l101o{rnt:uu L1,t:o'l 1J:1]1fua1:a}lYiui
.lg

:J fl?',]l.t0 fl 0lo.l [Yu] 1nt!

ocrfiulfrirdoao!er-?Leonao{ri1dr.lriu (z- tier mul.tipLe choice test) 61r.1.l5n

frnurn?1!ttjltotaitJnt5uu n 0u ua uua n n1t n on1: tt uLtl Lo Louqa'lnn'ltl01j ttac n1:05u']u

!uo aloutiunl:6nurarur{rlotolriGuuuacn:sdu}idriuuorouriror:r1oul{nrur{'r1o
,).uvv ; e

!rnni'rn11r.rii'r urirno [ta L0toqavtn:!0']u a!!5 ru [!n1:rlflBluulnoto.ixnL:uun{ toau La Lu

). - !. .- .- . l.e - 'i' q
n'r5ara51wllloa0!e1La0nda1ouJlr (4-tier diaqnostic tests) L 0 h4Yl:'l!iJn!n?1!l!Ju t0ta{

fnrirulunr:maurirouuavnoltvorzua

nlifi nurn'1r! rdrlot orrin ri uuo'r n r!!v o a o! + dro'r'fu (4tier multiple

choice test) r.J:cnotlhdru rirno! :coitJorrrlfulo'lurirnor rvorua :vn-roruriulolurvqHa
-f .6 ,;, . e -ZtlI0LtL!n1:fln1,1n1't!tn?1!lfl110005vo!n11!u!Lntoaouuvt.l14!o 10 1J0 0.:uao.:Lu

a't:1{fi 4.4

fr
I
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0 1 n n'r : 1.r fi 4.4 io u a v a r u rTutolu n r : sr o I n'r n r l ri o u ri u u t a r rin ri u u dr u

lrlllJynao! q riren;fu (4-tier diagnostic tests) 1O rio nl'jr rjnriuufinrrrtlju'lo (CF) n1r

molrirnrurnfiaq (Mean = 4.44) nrloir uriulo'lurunola (Mean = 2.89) uacriutl'lufirnou

uavruflHa(Mean = 2.89) ntrrird'r riulolur,irsrousr-rGonqn (CFC) (Mean = z.cq) rTulotu

rirootlrnarann (Mean = 0.62) riu'loluriroolsl':r6onuacruoarann (Mean = O.ez) rlulolu

riroorn-rrdonfio (CFW) (Mean = Z.oo) riuloturirnauryoruafio (Mean = 2.22) dulolu

n"rno! sl'r 16o n lta c r]lor.r afio(Mean = 1.78) ornrirnuuavr srriay{!'jrfn 6 uuarlr:on ol
, !! 1, . !

n101tJ Lo!1nn't10r01J tyqrJa r{!0'r0 t1JLJ tyl:''lJunnu 1tu{ U.tlFt[:uu [uluoy't li't lfirn L5uuo'to

hi:iu1o1lnr:sr oun'rouuaylriaur:noBura u.rornraki

. Jq c d l,o
50ua!a?1lJlru ta tunl:oo!n1n1!,tio{!n$uu ant:ul] lr1J?1 unLSuutJn1lullu L0

luo"'l rfionurnir'qo (Mean = 32.89) onud'rufulolurvqrla (Mean = 30.89) uacliuhluriroo!

uav[urtria (Mean = 29.78) errta'roit] Juloluriroolsr"r16onnn (Mean = 30.67) rTutolu

r,irslotlryn ann (Mean = 28.89) :iulolurirstouoYr 16o n uacryfl aon (Mean = 28.22) i\f,q
'lurirn oln'r rfi o nfiq (Mean = 2.ZZ) l"utoturirn al uanr.rafi o (Mean = 2.00) riulolurirmol

sr'r16onuacr n afio (Mean = 1.33) rw,irnrrlrTulolurirsroror-r 16on qrnoviriurnn.irnrrn
Jc o . Jq I . , .!o r "ut0Lunra0!Ll4narafln uayn?M.t1r !0 lun1oa! r flNa 0 n!nt!']n nirnrr!riuloluriro outn

) oqe ) - a tvgt?La0nLtavtunn]ann t.lyl1L14yE11.J?'t! n t5 u uyt61u']t ofl o! fl ? ta0 n [o 0n tlau o5!1ut14r]r.ta Lo1-
o ir

0nn0{ !n21!tnl1 LlJ't[n !n?1!uuL0 l'tau r{41r.]1tn00!'lufilnou L14fli'la [onn6ai fr.!ur]i1_, i, _,ri....__ -._--__,,
i,q q - d ; i i

n?1l]l]uLl Lun?ta0n0u!inyao yt.:1t 010r utlr:'tyxntiu!alu Lyr!!n?,tunu[nunn tt!!yoao!
.- i ; 9, - r'

rr1-! ra0no0!t{r1Jun1:nlo L0n1a Lyunr:uu Loatro't LLJFt?ra0n L!lryrnurLunr:rSt uo6lray5o
. C, .:, . -U:: L lUnllvlri1a olriuld drlririn riUltron'tl:.tf!'Lofi I uriay uaolrynzualdon6'ol6orl uras

:!- ! oqu tq
anufuut0a0! urlllu yt't Lynlttl La uu?notonunri ul_t yll.tlJ?lun15uuIn?1!fx1n{ari Lfruflo' n-- " ---_ -'-
i"

rfi orcar!r:ndr"lrJuri'ltrlryr,rrriohJ

n't 1 ! fuh r o.l iir l.J'l o ii l uu n (C De) n l i r v a-l lS u u fi dr u r o iir uu n #l sr-r 16 o n

(Mean = 3.00) LuIzua (Mean = 3.42) sr'r16onuavr flzua (Mean = e.za) ki6n.jrrieuriaux- -I.irl?taon (Mean = 0.13) rilqp1a (Mean = -1.4S) o1:16onuacu,1qrila (Mean = -1.04)

nruriulonrurilt6ui (CB) nr.,.irya'l6uufi n:*ilfl uon6rirrdolritl5on (Mean=

-43.40) ruqna (Mean = -43.80) er"?L6onuayr o a (Mean = -aa.OZ)fuirjounirilfioir6n.jr
x- -n0!r:ur.Jr{q? Laan (Mean =-1.09) tyE a (Mean = -1.40) dtraonuavrufl a (Mean= _1.40)
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ov u#uld"ir:yo'rnrr:L:iutotorrinrEuuarur:nuonfirnl.rr.JflurdourrrorrinGuuki
o ,rr ..i ? ,q,i oItuun tiU1./uoua'l0u n nuqr LtrLl! [0 1450Un tibr./o0L]fi1n1r]fro LreiLrirlulo rLao.iilfn[5Uukifi

q ! -YFr't1r.riLurfiou'r rYrir-r:vonn':uridoaM:n!on'[d'i.rfinriuurorrirooruSolri

flnnr:tlu!l : ,i'r!r ruyr!aldiorra: to r a rr rrr n t rn ao.ririrywlrild

8. nrrnroouirnr6n lo nlr, rlluimuirYunridai-tln alrrltl{l 1.0 Unioe nvuiraiurrr
r6rrrr t66 11'x'y161q.,iuir uiorJlfiitnfirantrrni r-rnlllrmtorufialslnirwii iafi#anr:r
5n ld I,zez qnlrarirruiuror lr irur nu rio uar ta.rainrirurif!i' liiio rrtlo,.raur.:
Fe(s) + HrSOa(ad '---r FeSO.(ad + Hlg) (Fe-56,S=32,O=16,H=1,)

n78
!) .80

n 805

.i 90

liolJil1llu1./ t!6lL JOttaan

q6a!1!n1tat2t!

la. t

{

5l
.C.ol,

ItSo o

I

-)-
qa

o. ol *l

-'F"\ou ' 
:-1,

trl

Llln

!!in15n1t
fi11./1flJ i1!1ru!',rn i nlu'tru|Jtn

r n{n

lYr1r6',)1lllll.JIia]ylulinlln1u)tu

ntrfi 4.3 6'toeirlnr:ritrl!yo a ouio r{ ae'}rqvBvr I nr: Guu 60.: rlSlrruar:#lri'uti
eo d
fr un15ausroud'r16onnn usirorrirsrou lriaMrnaBulutuqr{61ei

tq'reBn1:ri1u?ru (rinriuuhifi narilinrurdr"lo)
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xfr nT tfuuf i ri ruin rrEiifrcanclomr:rmn.Erurao.rdd,reuLili

a. nr:i,aae$i1x*r 10 nlrr rh!0mudii.:r,i'ntzin rrt:rftr{! 1 O L&rioifilr] drituri,
!-6,r ::oo nntnaitruq'ufi utuiii!fl fi .atr{roi lrG:,"x:tc.rur1g1s1a:rwririrdrianrr;
sr-J 11 1,792 !flr:r,rriroiurr Hdnnsnrios*:ardrioni*J rtsiEorrtur-wrrr
Fe 6i . H:SOrb4 + Fesqbd+ HJd (Fe=s6. S=3a cEt6, ri.l,)

n. 18

@*
n. 30J
,t. 90

:rn-ua: nni rf *ir.irrien

uan$drmdnncJ
c- lt.,,o-- L ? +.?

bl ,r

t':.1,r 32
6L

' : a'lnq

- 21,t5 21,tOrLr78.

r\1r ,u,so,

$,5c, t - 1/'\
'2

1

h.l q? t. I

Fc o.,ff* H, Sc, o.,r nJ
,', nl frr^aDna 7c lt ,SO4
' Y4 u. ntoaPl4

*ttl ' ar@"' o ^J ,i,
fril; H, jq o, r nol in

,)- ,.4 /. gc_-ah i? z iva,

at1--1'

|,2

x lao

a,7 s r2 '!
!.L t dnj

2.!-u rlod<'

,rro cS, t 4c

tu/.

it'ulllEL-tn e'i t{]ltSt't c
l

---)

:vi'raru:i drailBlr:in no.r

nTv{fi 4.4 n-rotjr.rnr:riruuuilnaouinHaduqildill.:n1r!Euu Gol rJilrsu a r:duriud
;- - .i 6 . "fi rin Gu u er o ! d'r rf, o n n n riu'[ o1u rir n a u a r I r : n oB u r u u.r sr ru aki riulo i5 n r :
drurru (rin Guufi nxrrtin?1ilr{1'lo)
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4.2.3 hanlriln:1c nx1 61rl'r50vr'1.:9ilufi'nutn:su?un'rtvr1{eru'rr11695

frnuvn:c!lu nr:vrriv urorasrir o ru"n r:'uufildir nr:ionr: riuuifrru fion::rL

nr:rJi{fi oi.r loung{aou16r.l:vriuloui6ilrnn'[urrucfr finGaurJit6fi on::l

nr:rrfi 4.5 B!lruuroeura.:fnrEuufi fi fr'nucn:curunr:vr.tivurfl 'r6nfloud5smu

n15d { [n9r

urJ'rr,lfin: c= 6rrn 3 =A 2= vrold uav 1= or:ljiur]:.r

nr:rrfr 4.5 rirnr uuurofi utouinGuufr iri'nrgvn:vuunr:mrriyruraranilnunr:

rJ:vdrornnr:fiirnnnqF n::rtarrin15 uurtucdr nr:vroaor ornnr:6'o fi on::lnr:rEuui Gor

Glrruar:dlyYuij lounr:rirrJfrfiiollroraTr!lvno!nrir.LorunrYun:ooiruronr:floaorlnul{
- . is

n5u!0no0u't yl!'t 1un n ul.Juv nusn:u!'run'r:yn.t'tv u1fi14 sr: L0a u tou:?r.r 0q t!lu n! o!1n
,^ __ d - . !, . i
(J.6 /l t:.roYri1:tu151uo, Lln I 4 O1L 11L',t 1OU ttLLtOALfl{1' dool.]lnaot 0 2 !nr:UUtlytnuynll

al
ai rnnua vlnfr n zua nlillo aoifr d (3.89) fi nr:rr.: urzuurirrnolnr:rJfrrjfr nr:votaol (3.78) uav

o i-n1:!1ra!o anrivroa o{vro rrJuriu (3.67) drudofi 3 ri'nryv nr: u!a2 a ua uai!r.ranlrvroa o.ii
A v i ;-

nvrru!raf,udoufi qat (3.29) 6rrinLiuunr:1d;! nr:fl nr,lurinuvfi rfi llrnf,u
i'nuvnr:flirnnuavliufi nzuanllrnaolfi :sd'rnv *uualaor ororfl urn:rvrin Guuld'

ariorJfrrj6nr:vroa o:drusrur o.r rinGuuinruaulo finru n:y6oioiulunr:rirnr:yroaor rir
" E "..-1frlfionrtr6'.:1o1unr:a-rrnnirfrrfiot'u uarkid^nr:yqaordryarunfrrifLrirfrqnrunn6'or'Lu

n1t!lrynzuanlllroaor alufinucnr5*!azuarrayai!zuan1tyoaolfi:cri'!nyttuuFirao
A a, rs j- o

tl.J0.tQ'rn LUuylnuynlvL?1.Jn1t111n?yu'1616fl1Louyt!nt:u!nsno i ottlJ:'t u Ft't 1ulttJ1ufl a {t oxa

5'runllrhslfiu P1[aau

(Mean)

d?uIUU {t1JU

1ral51u (sD)

1. n1:1'rltrc.rl.J{uao!nrr!itfr n1:roao.i 3.78 0.44

2. n1:f,{rnrluaYuiufi nnanr:voaor 389 0.33

3. nr:uUaarauava:!oranr:voaol 3.33 0.71

4. nr:druauozua n1:voa o.r 367 050

raau 367 050

Lv0 u L1.J:! n11,.Jauv'{l-Jilr0 { n't Lr! i F'r 1.,] Lo0nn0.x}Jrr:?tni1c14t0}]a01nzuan1:yoaon0noo.i!'-!
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rr1! anliyroao.i uava! an1:yroaor16'nnd'or 6ru!'irrinriuuovutjanrruraurodora raiafi- ----ii- ----

n r:a:rJtolah.i o noiowrldru

trslruilnttrnrtxtaal
alud{ufiiJ::n,irrtBlrru6r:luaunr:rai ar:drnr;rj.:llru lasa:?a.:Hinriud

n{r:d ... .. ..... iYu. * rlt iui ...11..fie1t1l.r c,!.tsi1.

clt1.!!! nRanlt,lia0t

. nr:r,rfi I rlfrfi3ar:vrair.:ltrdouloln:munliuorw (NaHcot dun:au:rd'larog
11 Lq UnlJlolsYllnltyltrAA.l = ....... . i'..:.... .................. .K

nrrrdutorufiator:ri'rnliyoao.: = 141 ! ........ ...arm- nrrldutorufiattu:rirnr:noao.: = 111 .1.. .......... . ....atm

n1t?liEB.t

yl

Grrmtar cH3cooH (mt)

trirduarug S rt)

l-ulflrnta{ NaHCO3

(g)

G!'rn:na.l co2
,3-(cm .)

2 rrl a .:.'t 1 r)i -

2 2 r,r1 0. cno-l
,.1
Ij IIr,

) ^t 0. o 500 tl, nl.

/ tnl 0. 4801 ' 2o nl'
t 2}lll 0. 10 01 2+ irl

b 2hl o. 1t04 J5 rr,l

l )rl c. 14 0s Jt nl

8 2Y, C1 nl

1 2hi 01104 /r nl
p Z lnl i).2N, a( nl

1l 2 rrrl o.2104 4s mJ

IL 2 rrl. a.240+ ll nl.

a-
n11111- 4.5 d'lo tir.r nr:riufrnpranr:uoao.:firTn riuuriufinloionsio,: ni! [i?un1rln1:y]o60,!
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onraurjl(drtlu{rurlntfu,liurllalro,rurdu,rof & rrcO, I

drnl6nf.m:rerfunlua1rro.f *f ;dr

){&n1fl 4.6 nroul{n1:u1fla tdo'rnn1:vnao{ulriBun:'ryln2ruduriud :vr,i'ir.rrhrarin

rro{d''l:rJ:snouniiuoruo rLasG lotro.:uffanriuoulnoonlqddrfiodu

al uacoiti:luaranl:voao.l
' " A^c I

....-.............flf.f.nr-1?.flet .f.i#giirv.lr.,.arr::l lt.a]lk:. r': ;t{,.t-tX.li4i{{tI.q... .

.{ [r*{- *;**r*1,rr'd *rlin r * o. i*iar t r N rr .i c t, :r*e c ;: c, 6 .1\' r : ez 9 l u
a;r.i...*r.v-ql.qt"rr$Glr:,"nr.::r.:y Nrr.rq#., cct.S-^.nFr,l::-, r'i:iv.Atf s

... .l l*..r,..c..i r-"-:te,.i,J.hi:il.'.rr l,atr#1...x..r"..1.+,Je*q{Spikr.r: ....

..,-"r*re.:.#Snn=-i^-rr:nq,lbllC.rl.r*..Cd.*g"i$"alvi'r*"*,6iu*"1

. .fi.--r*.f .:'.ry.:rf,ilry-tr99.S i . ryL l'.+rzfi . #ni$."tn."-*lhprn olc ryS *tif .tlr.il* .,

nrufi 4.2 frrodrlnr:urJaorafildornn:rvluasn'lieroun"lnl vilun'rtfloao{rJlai uas

ofi :ruaranr:voao.:

9.e&$ 2 '/. ('c - l-t.La /..... -}. , .
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4.3 e.J a n r te [arlcda ?r ufi.ifl olotr o l rjn risueio nr:6'o fio n::ud uiu nr:a rfiorJfruG oil
(Hands-on)

anr:'rrn:ryuarrrvrlno1otorrinuiaurionr:o-orfion::lnr:uiauitolrinriuurvu
<i )nouufrnurli 4 rioLJilrruarr f,ifiud Inunr:lit.li fri urtrolar:l: vnounriuo run n'l n:o

ot uto n r:voa orln ul{n: vl o nio u r rYlmr:T .rfi 0.5-q.7

or:rsfi 4.6 hani:a rnsryrinarufirvrolota.:fin risudrunr:aou rEor rj3lrruar:d'ur(ud

(N = 45)

ta nrrufirnato

io ua cn rrufi{ra'tot a.rfn Gur.r ,J
6't taa0

(Mean)

d2UrUU{rU1r

!1s:51u

(sD)5 4 3 2 1

d:ufi t drunr:aau

1 unr:u1rlJfl 1u:2r.r Lun"r5no

nnnt:!fl'r:t:uun1:ao!

22.22 68.89 8.89 0.00 0.00 4.13 0.54

2. a I {a ol rilorlo nr alri

1,lnt:uLtIaonn11!aot*L.l

lu:vv'ir.: riou

26.6i 55.56 t7 78 0.00 0.00 4.09 0.66

n: da ar oBu r a rflo ra r't6'

t0rn! 31.1 1 51 11 17.78 0.00 0.00 4.13 0.69

4 o: n aun'r n rr: $rirl'n ri uuld

L!OLnOtOa.i6U

46.67 44.44 8.89 0.00 0.00 q38 0.64

n: fra au rilola nralri

unL:trutoa !rallnlJno'lu

n?L0n

57.78 28 89 13.33 000 0.00 4.44 4.12

LAafl 36 89 49.7I 13.33 0.00 0.00 4.23 0.65

y3J1U[?l9l: 5 = ].Jlnfrao 4 =:.11n 3= rlrunarl Z = vroldrtau 1=dou

a1no1:r{fi 4.6 rra n1:irn:1yr.inrufiuro'touolrinGauva'lGuuri'lunr:l'ofion::l

firriunr:alfiorJfrri6oir (t-tands on) riooirlnr:aorr loura6urinGaurirr.lvqifi:voYunrufir

olna'rn (Mean = 4.23, SD = 0.65) uavtiafinr:tu'rrlan'titJlvtiu:ra{orli1:1un''l:
.--l-.JaeA-e-,s

!:c riufrI:vdue11!fr {r o L0 a ivaono do, 5 el rla 0ut!o L0n'la Lvun[5uu Loa.:!0!11]elo? u

virror (Mean = 4.44, sD = 0.zz) 6luaoflriufiu'irfnGuuin'luau'lo finlllnrvfioioiufiov

Itlt

II

ttt

ll



62

y .i a u - ! .i o,- d
l.JllJnn'llvlOa0{O1UrlUL0.: ttAvt!OtnF]!tUv1v:Ot0A.:AU Fl:nvnOUtttlrv lyl0Lt4!ntiUULO

- i-
[[nufu141o1uo?[o{ a{ a Lyun t5 uurnonll:irljl Ln fl1u:']unll!5J u.rlJyrt.l:uolJ Ft't'trJy{ny10 t0
v ; a e)
u0uylaon0 tovr 2 n:r.ra01]r!oL0nla[vunt:SuLLaonn?1!noLuLJLu:eu11.:$uu (Mean =

4.09, 5D = O.OO) vYrdoro rijuu,rlrvnr:o-o6on::liirrioGalrrar u-nGuuusiasndilldnar'tunr:

vtlnnn:5lJnl5voao t 111114).Jr'ta1L!n1lu1rauor.Ja!1uua![taf]{n?1!notvunoutl{1.J0u

J-A
91151'rYr 4.7 

'.rAn',]l? 
rntlrlin?1u1^r{110 [01,0{un tlUuo']unanttunltfloaon ti0':

rJ5!1[ud1td-ulud (N = 45)

u0 nrrrfirnolo

I a u a:611tJ V{ 'r9r a Lnta.tunrSulr

nltaau

(Mean)

dru

tuut[uu

u1n:g1u

(sD)5 4 3 2 1

drufi z sirufi o n:::J n''r svq a a':

L n"t5lto a a :11::.t't tuarfl ui

Lofl 111 ln n 5 tl "t 5 Y 1,41"r :

ar: ::natlnriuart,lsr

uacn:o fiarrlr rauh

37 78 53 33 889 0.00 0.00 429 4.62

2 nlSroaatuSlJl a!Y{u5

lo u tu! | n: u'1: r 1411 i
ar: :vnornriloruor

$acn:oar! r:nlirki.iro

22.22 7111 6.67 0.00 0.00 4.16 0.51

3. qrJn:ninT :rioufidruru

tltu.:T{anulJnt:uu

31.1 1 57.78 11 11 0.00 0.00 4.24 a62

q [un1:Moaa{ LntJ L?lt]nn:tt'l

::r,rir.:ar::cnor

n:iroruorsar n:o drrai:r'hi

a$BuLnonl:L:uut

ivrurnraorfl ooriro n:v{u
a

n1ln00u't{1[14nn]a Lfl a

Lrnuruvl luv0llluelnl:

28.89 37 78 33.33 0.00 0.00 3.96 0.19

Lun 1:rn a 0tvl't Ll4unL: ul.J

. .;
rno[5tan Ii]4iYL5?lu:

':va1fi1an:

40.00 40.00 20.00 0.00 0.00 4.20 0.73

toau 32.00 52.00 16.00 0.00 0.00 4.16 0.6 5
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ornm1;1{fi 4.7 r.r a n 1 ii La r 1 c dar r rfi rr o'[ot o.rrin ri u ud'r u nr:{oion::r
)vfruiunr:arfiar.Jirifioir (Hands-on) Ioultqonr:vrflaolloun1:1i1!ifiiurtolar:t:vnor.r

i-
n1fuor1.,rofiun:odlutnnr:moao.:Inuldn:vraniour Iouuo6ofnriuudrutvr!fi:vo-unrrlfi.l

rola!'rn (Mean = 4.16, SD = 0.65) uavriofia'r:rur anltUicriu:rutoflu'j't:'lun1i
. - Jd . i a e )

rJ:vriufifi:vo\nrru'lno1oarfrao6o dofr 6 nl: oao{!i!'rrua'lri'ur5ioutdr.tfrfiiur:cu'jrr

al: ivnotlnliuorlouau n:o inrurirallo (Mean = 4.29. SD = 0.62) uaol'irfio n::lnr:
.iu - - ,-u- .i

vloa0lvr!n tSuu Lon.ilJolJllrgrulnLrnu ! n r: uuiln t1!au L00L 1n:0 u1n1lna 0.i rrayLog.lnnlSLt
. - ia i -q!n:ni drr:runr:r]:vrfiufri:soir.tnxrtlfi.ivio1o{oufrao6o dofr 91unr:noaarlould

rJfriiur:vra'jrla1:!:uno!n1i!oLr.roLLaun:o dlraiil#firiuurfionr:rEuuiiyuroraflflou

rirun:vdunr:6oodrrfirynzua rfio*frflrgr,rrhriol!fr{6nr: (Mean = 3.96, SD = 0.79) uao.i
.j- -Lr4rr4!'11 n1l'!1!nLlul.J LtaMt0001J1u r14fl,{ a!1c n0!n't ra 0n Lo [?r:1uunr: uuL 11J10rnuu nlt

2v
Fro0u'l.i!t14Flc.Ja o.i 6 0ooa 0n n!.:'rl.t1Q tJ1Jo.i o1:tou !5H'1, t16u a!11:Lrar.l [ayLflu0 lJUlt]u
,-,-,. i - c(2555) 11:1U 3',11.JX1 vnuvnllnOtLa.i LOkn vnuunlt610'i tn:1uv nuunl:noa{tn:1314 11nuu

nllAo:o1irury1ru rua vvr-nuvnr:6oflirla::ri rilufr'nucfifin rr'L!n'rr{ludorldi! nr:fieru11#

ad1r1.l

n'rr1{fi 4.8 Hanliirnridn?ufi.:uo"[otolrinr5sudrurj:yTuuidorinuEuu tio,l

Grrruar:a'un'uri (N = qs)

lJ0 n?1ulY.:110 [o

io oa:a1r rlfi.syro'lor oifin rBsu
61[AaU

(Mean)

6',l u ru u .t LLJI

lJ'19n6'tu

(sD)5 4 3 2 1

,!
a?uYt 3 fl1uu5! LBt unaunr:gtJ

1 n15VtO a a{vl1lvunL5uu

- e. ; -
un?''rr.J Llr "r L0tflu? n!

u5!1tua"15 a:J11U50 0 ttU

33.33 55.56 11.11 0.00 0.00 4.22 0.63

2. lunr:vroao.: rinliou6oir

uflr:tiulJvralulnll

tnu?nunlta!tl0

rJirjfroir (Hands-on)

v1.l?yru16''raqMnt]]

53 33 33.33 13.33 0.00 0.00 4.44 0.11

tt
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a'ri1.:fi 4.8 ,{anltiratlcda?rufirnolota.rrinGuurirurj:clssdsiarinrEuu #a.:

Grrruar:i'ln"ud (N = 4s) (rio)

ornnr:r.:fr 4.8 H a n r :i rn : r yf n r rrLfi I yr oto t o.:f n ri uu dr u nr:i'ofi on::l
)vfrriunr:alio!fruGoi,: (Hands-on) Ioutdtonr:yoao{lounr:dr!ifiiurto,:ar:rJ:vnau

i-n'r5!o1L10ln1nio6:ertonr:yoao.: [ou'1,8n:suondour louraa-urinriuurirulraqjfi:vd'lorufi.l

flo1or.r'rn (Mean = 4.21, SD = 0.70) uayrfiofior:suraanr: :vriu:rutovru.il:.tun1:
,-id4-_1_-1-y:r.-vdrvdu:u ulltylu: uo! n?1rJy{.ly{ 0 [0anyla o n 0 roy] 15 un L5 uu'Lo 15 u! i6r usti2 ro.lo eirl! nru at

(Mean = 4.44, sD = 0.22) vrstflororfluru:rvfnr:-uulia.:fiorJlrifinr:uoao.ld.:un-rro.:
a ;-.!

lda"rrnnuacrfiuzuafrriofir-lornnr:uoaor rir'trirfioarrrar-.ln aurulilrjr rf o uao.:triuiu.jr
d ei4 eunr:uu!n?1!y{.:11o L0 L!n0n:ir.tn'ti15uu!vr Lriallo!fr lGoi.r

ta F2',',tltl't.tra Lo ia e al a:r!r'{rralot a r rin ri uu
f,1[AaU

(Mean)

dlUtUU{tUU

!1f,tn1u

(sD)

3. lu5v1,,l1't.lYllt't n15vtfl aa.i

yn ly!nL:u1r Lfi!n1:
.)--

uaflLuaurnll!nflrvlu

:sr,rirufioulunril

s3.33 31 71 15.56 0.00 0.00 4.38 0.74

4. !nL:uuaM:nu1a't1lr:

ornnr:moao{rj

u:vgnfl LtLun'rrL5ux
;;
15a{au .l LlaJu"rh IL?l

rJ:cIafiiLuiinU:cl)'rrlu

to

17.78 s5.56 26 61 0.00 0.00 3.91 0.66

5. rin ri ud6'ri uuid'r s er"r ror

0 u'1t:J n11r.J al

57.78 28.89 1,3.33 0.00 0.00 4.44 0.72

roau 43.17 40.89 16.00 0.00 0.00 4.27 0.70
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6:UHA UaU1,At6uatlus

5.1 firUflanr:e{u
z !. ! - a -.; ;

{1U?0 Un:nuo 0in1Ia{ta5un?1 tu1 lnto{un $uutultEur.t 6n1,l!yl 4 L50 {

rJilrruar:a-rriurj luitrrni lou1dfion::rnr:riuu*Toanr:alfiorJfrl-6oi,r iorul,fir.J[fiiur

:vu'irlar:!:vnalnriua run uavn:o o'rutuilnGuu 45 au nrnriaunr 2 ilnr:n'nrcr 2559

Li{t:uuLuua{fi:011J 01tr0Lu1.la.:0.:14'toun::'tta 1l?lJ:?1110:.lauluu!LJyoa0!agt
- I - J "- v

aa d'lqv6rrlnr:15tLurial lilrruar:ailriu6 rrurl q;irfl''urTu (4-tier diagnostic tests) (rJ:u-tr

v e a, . Jo '.r4 n'lta0n lvo!n?1t.j[10!u6'ty:1]fl11a 0n 6 tyo! Lys!rJaytLt L1.J nlir o!filn1! ttas:sdu
ia,.

o?lrrtailiuailvi-un]l 16on 6:vn'r) uuiarvTnucn:v!:unrlyrr.:iyurnrasri Iacu,1.J!60!fl'll.J
t. - !

fr?'rlJv{{r0 L0 r{an1:?0ua:u to o.11r

fion::rnr:a.liorJfrri6nr:uoa ailo u nr:'virrJ ifii urro{a'11 :yna!n r5l o runfi'rn:o i
rJ:vlotrjoejrurnlunl:oBu1u rlirLrzuar:dlriuii loaoro'trtJfrffiuro1na1:rnl-hfiinrJ:co'riu

aMrnli'rn1:yroaorki.iruloul{qrln:nifilugrudiluriouJlri6nr:rhh rlfrfi3err:;ra.jr.r

ar:tJ:v nornrirorus\ri!n:o oyldufiaorSlou'[o oonhsirfluc.r6n:r"rur{ uffanriroulooonlrri
i- J a )firfinfruornrJfrfiiuraur:ndrurJi!1oi161o u e': !n 1nn:vr o niour6,:arrr1t0drrlfl{06rlru

nrrrfrrr{urilfrujirLrrutorar: ua vrirur ruurr]i}r1rua1r fi rfiuidoltualnr:rnfi ar:riruuor
.i ,-

u::..r'r ru ltayzuaLoSouacLorluoL']io aM:01]11!LtLflot{L!nlla0u t:0.1 !:!1ruiirJllL5
& <ia <-

u0nnlnu Lunl:yroa0.:u.: Lral:[n!yll] Lut?er!:uii't'iu L rluauntlu uau [t L!U5rJiruuoEr

nr:fi nurn:trrirlo uavnrurTulolun'nEro!riln1r.t nl'ir r,ta-rnr:o'o ion::lnr:riaui
t4.i-Iot-nr:ariorJilToir rSortirrruar:a1r{!6 Iou'L{rJfrfiSur:rrair,:ar:!:cno!ori!orus'

t ! J- -uavnSn !nt:uulrn?1!tt 1l0flno0nt !,t u ya{t:uuunt:uu fl 01jyt.ifl2 ta0 nonuautyuHao n

Gouav 46.67) rlrnn'irriouGuu (5ouav 1.78) rinGuufinrrrJfulolunr:nourirnrl:Lrndu
- .1 o o

:y frunrrlfulolun 1:ero! fl-? r6a n ua y lua annya"{6uu (Mean = 28.22) aln'jrriaurieru

(Mean = 0.67) rin riuuin-nuu n: y!?u n 1:yr r.:iyru rara srSo d1u: v o'u 6 rirdororfiororn
i , !ir,, re,au-- ; - -u.r0n0uunLluuLt]Lon0u[o1J!1Jfln0n:: n1:vloao.: Lu0unr:uutoa{u0lJ!!r'n0nttr]o1u

ad
n1L0{ n tyl1L141rfl LtUUrnOniuL?U n 1:r: UUI 

'Jn?1!AULn 
FtUrOUoUl n:0 U'tnyOa 0i Anha L !

ncuuuLoauruo'ru nus niu!?u n r:r r.livru rara F io u1u rnzud6 nrun,:nolotolrin riuu
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4v a
to un rfli'D]xn?irJyt. t0 Ln0u [uivet! 1n ttan{ Lfrruil nlifrfn15 uuldalIorJfru"6oildr u

- .r - s., a J dd ;:n2[o.il]f.ta lyrnr:uurnon?'t!au L0 all aunfl!Ran::r.l uaur1l1Lo Lur-o{frt5u!:Jlnd{tu

5.2 {orauouus

n1:1i1!Aniulro{a'r:!isnounlSuolusri!n:ooyldufialtiur.rfrorriruci rdoiornffiarflr,
i- ;'c , .! ja jA1: tntrnlll? L14a 10.:'tu Q! nifu Lunllrfr!ufra!5r?ruyrrL:ousrociolijori?uwt:riJdr]1fiafryrrfra

4 u .1, r - a- !o{riunlti't [uaro,:uriaylrnoiu riruiuqruu4iuayo?1r]o1nJo{lJ::r.}rn16fiin1:lil6uuu!a.l
- j- j,rr -J . . , J

rYlU.iLAnUOU nolnr Ae\o!5 1atto{ ttflay][notu to ril. n:/tn[5u1./n?51i-]nl:ytqa oiLutxfr
oruvnfi ttavn11r]rTunlfi rr:rsf, ro-et#lao{i aeian1ittvriturutoluffa

,-.A - -,!. u d , i !Lunliioni nllrn't: riuuirLJunli!n!n05.: airaitn6Uono ut i14u{ytn:riaoudo.lriril6l

6o nar'[unr:doiin::r.] o?i?1{uaunr:o-ofion::urijuotir,:6 riramurdrlonnrfiorarfiaouoio
:i,-iJdn0n:il]vra0ana0{n! t!0y1 io rntu!0! nl nJe'r.l.l 1ril50! uayFtx5n:2oan1y,{ro{ Ln5o.:!o

A ov
IavOilniru Lffl50lrfr olrinr:rir fro n::l riluh]aeirlfirJ: viyBnrn at n?:yoa o{ rio! rfioovl6'rn

i- a ! "-vr:1uufuy1tlacun Lt loyluyr?{yln0!ul hJ L.u05.l trusyltn L5uu?i']n1514oao{n:n o{naut wc 1fi
A -ariril5nurfiorinrEurrtnof,qJyrfiSa.Soa.id'r. orj1,:hho1! nr:oo n1r Liuunllaoulounl:aiio

I i- d o i .iv d!l!o0:i 0'rna{Yl [:u!a!L0 [1.]o L0 nl a lutn r:uu [oy'1ri'la0!a1n dirun15u! au Ln $T Ly

c zq . ,d e. ;
unl :uu[non?1!0u1n:au']ntuu 9r.1Loyr1n0n:lua.: aI ua{tltJuuflt:uua2! Llrtul.]fl?1l.tLiJ't Inyt

qnr{or o'lriu 1l nr:io-un irsiol n:#aount:oo nrlt.ltl fio nii n 1:altl'o'yirnr:yroaallnu rtlo
. J i- d

r0nla Lv!nt:uutJyll{Laan tofl nB1 Lua{y)unL:LuaL La
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ronfi1:d1{A{

nrvvr:?i6nu'tfin1:. v{r3:1nfnJffn1:finulur/i'ttl6 1fl66'nt1n 2542' nln[v] 1r4luo::

q?anl aTolril?, 2542.

udn4n:nr:6nurriudugruqv'on'n fla 2557 - ndrLar:snr:tiuuflvrurnrani'

nI{rvY{xvlun5: q!anla'lelY1il'r, 255 1.

n!a!r ltufrir] uavrauo t-air:d. ,,nr:dlrailnrur{rlorolrinriuu{urTouilfinurijfi o

Gorar:6dlraqa 1ouldfi on::lnr:6tLuf uulf, urarvvln?ltLi", 1r:ar:urj2s

iiairarnraai svrelula6 uardl u'radorrConr:riauf . 5(2): I 65-77 5;

nin!rfl !-;1J11n:J, 25 57.

- i ,-- -i- -v. -^i:rn::ru 11rpqrr1au6. n1:innr:t5uufuuuHa!fl4'lullravlalula?'llltl,1[o[t'ltl Luunuav

r - - ''irururiYurman:lurlirufio:rinu;nr :ttnrJ rpr,tl tSo.l Ul u'l d uYlu5. ?11 u 1uYlL5lJ

rr,trir ura-aqr a : rtn1i, 25 54.

trgrurvr doufi rra. nr:r(zuurfi onti n1: oao{Go'i n15vlo6oun1tlfl unlo-lua to'i

artrnfftu6isrrJ:sdriulou'[d6u6rnrnoflu?io{Au. nr:6un{r6a:;rJirgrxr

ivurnran:uvrfrufi n : lurivura"ualatrtorfi , 2550
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n1:1{d n.1 draeruaoonda.: (loc) rrx'i'l{uuuuoaouierNaa'lqndfrulor-J:va'rri

taYl
ur*r*.re*firrffir'r".ry loc

uud r nufi z nufi g

1 1 1 1 1

2 1 1 1 1

3 1 1 0 0.67

4 1 0 1 0.61

5 1 0 1 0.67

6 1 1 1 1

7 1 1 0 u.o 1

8 1 1 1 1

9 1 1 1 1

10 1 1 1 1
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10Yl rirnrrtrurn(P) drar'ruroiiruun (r)

1 0.55 0.55

2 0.75 0.23

3 0.73 0.27

4 0.52 0.68

5 0.55 0.45

6 0.50 0.36

7 080 0.32

0.61 0.32

9 0.61 0.32

10 0.73 0.45
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rtJug!?n1 uolJ:tJlfilljoi afl ntufl vrtnotuuayL:un'l'lal:n1 uolJ:t]'llu

ee
2. Han't:t:uu: 410fi2lt

2.1 :vrar:riruuorJi:Lrruuavldriru? 111!;!1tutolar:6utur.Jfr fiiurunfitd
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4.2 druvinr*cn:curunr: (process : p)

4.2.1 6M:nuanrnr:r,irurruuavuonld,irar:dldud'rl,ortjuar:riryuorjir:rru
q.z.z rioriruuoUiurrutorar:dld'ufi ritilJ[fiiurriu aur:or,iru.lruyr!ilrru

- - .;- 3 "-lJ0.:a'r:fl aqr't fuTlylInolu In

4.3 oiruqruo::uuavoioo::udufilU:cald (Aftitude : R)

4.3.1 rdr ri u usr: l rr a.r

4.3.2 urirnroGuuiorr i:vreu!ifuuavrnr:rnqn6nr
q.3.3 in?rrLn:v6oioiuuayaulolufi on::unr:riuunr:aou

5. nr:dofion::lnr:riuui

lrjuuunr:aounr'ld (nr:aouuuudurars 5 riu)i,

s.r .fiufi r rYuairsomuau'lo (Engagement)

. 5. 1. 1 o5yrlryr?ln.r.rrirfilrfiurriu6oralnr:rafr
- 

s.t.z ng6'rrirnuli'rinriuu6oo'jr 1un:fidlflfiiurfia.,tdl'i'ud'ouuj z rfrn:uvull' uaciuirrrurorar:d'o,ir1rir,ri.rfi'u

- .;- ! v,
1 ) un15uuno?lovrirulzuyrar:ru6nii'rurifi rfr ofiuornar:fi'.rduoi'r'lo

,, - i o ,---
" or"rfr lirrJfr fi i u rralo ri ouar : 6u,,

-. i " .---
2) ar:fr rirUfr fiiuryloriouar:6ua'lnTutj6'lriljr,, ar:rirr.ruorJilrru,,

oeirfl:
.. 1, i",---
" ar:d'rdufi lirrJfr friuryr:oriouar:6uGun.jr ar:rirvrur,r.lilrru filr{lu

n-rriruuo'irovrfiorufrornlrudorr:rifriSurrnfiriuldr:rnfiaolvirlo r.riona'rr6nriu.irrlirrruar:
arfi rri'rudoyrfi niurnnr,rioriouf,uo{rir!ilrruto rar:riryuorJilrru,,

s.z iuit z rfurir:aouavdu l (Exptoration)

s.2.1 nglri'rinrSoun'nrgr dun{r ua;rirnrrrltrto'lrl,r'.:rjoar:rirrauorr.lirrru'lu

ilu"rf,or3uuar:vnr:riuufduoruuavrfir:rfrrral' rairL 2 rarjr 108-115 ilayoinhn.:uifi q

6o.rar:nerrauor]ilrru

s 2.2 n:l#rinGuuaowir'hlruyriolr.fiuilolonrahi,rinGuud.norl
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s.: riud g rYuoBuruuacar{aa1J (Expl,anation)

5.3. 1 n:o6ulul'ruar16us,rLourdorrlurir{o ar:riryuorjiurru rT.ld

6'r:rit4uoGllru 6o ar:oY.rfrudr,frtirrjfr ffi orraloriou uavrfl ud'rriryun
- t)^ !

lJ:U1fUt 0{41: aflnfl9] rnnru

5.3.2 n:oBuutrayuanli6nT :rirurol ']a1:ri't14unG!'tru n50!unn"2otir.!ttiu
t"rilnounr:rirurruulal:ri1l4wr ; tru

1) riuua!nr:rnifi rfi odunSounalfiritruiaa

2) n"rurrurjirrcuo''rr;u,irfrIoni,i.ruuql#ouluyilrulrra
w e " "J3) 01l.JU0}.Jan1flAr.Jnlt OAUa?rA lyaltnnau

+) rirurru'irar:droiu6'dnrfl uar:riryuoUirirru

s) rfi uurIryry-61n:urrril,outdar:riruuorJiurruriJuraa'n'tunr:rirulruyr
i.

n'lu'tu tlJat0{a1:rl1uy L0ytust0 in15y1

droeirl drrzurlyrjufiairyu (cHa) druru 8 nil 1ul::arnrfiro.i 02 iitl?1.J 48 n;rl

n. ar:l,ortluar:rirrauolirLrzu
-i. a-

tJ. LO2 tnotuQlu?!nn:tJ

i6u'r n. CHlg) + 2Olg) -----------+ COIS) + 2H2O(g)

m8
drurulr:ator cHo 

- 
= 0.5 haMW 16

m48
iirurullatol O, 

- 
= t.5 haMW 32

uffa CHo iirutu r ha rirrJfrisurno6ril o, 2 lla
ritrfia Cuo riuru 0.5 lua rirrJfrfiiurno6riu o, 2 lla x 0.5 ha

11*

= llla
orniiruruhato.rar:ors.:dufiriryunlrhivruir ufiafiryrurfluar:ri1u1Jo i ..rruM:.rg

rtrlirtlfrniutalo lu,trruyfiufia o, ur,tiooei 1 5 - 1.0 = 0.5 IrLa
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tJ. co2 tnotu01ulufln5ti
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uff anriuoulnaonlsri (cor) drfi odu
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fi'rarurirunr:flnaor

noud 1 arua-uriudrcu,ir.iGurfusorarrluaunr:rnfi

1. una16uunriuarunrirrJfr fiiurn-rri.firo',rrg ri.:arnr:

CaCOIS) + CH3COOH (aq) 

--+ 

(CH3COO)2Ca(aq) + H2dt) + CO2(g)

(arnr:ri.:hiqa) ooaljrdrli caco3 0.15 nil frilnfiiurriuJrfrr,arundit]irlrru

urnrfiuro tsirfioufia co2 rfiodufiLra Fortlufinir

2. lt16urLlalo:rounriuorunrirrJfr fi3ur6'urirduarun o-.:a:Lnr:

NaHCOds) + CH3COOH(aq) --------------+ CH3COONa(aq) + HzO(t) + COlg)
- | e .:-.-(a!nlluit na) n{u1?10111 caLO3 0.2 n5u ylluln5ulnlu1aua18tylr]uttl.tru}J1n

-i*-d.-i-rnulro ociltnnuna co2 lnnlunLtJa nnruunntrJ
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noud 2 alrrili4uoG!1

1. alnnily,ln?1!r{ur5:vra'jr.rrlt,rrinuo.:lsrdu!1alo: rouariuorust (NaHCor) u6anlll

rYu!i!rsr:rorr!fianriuaulooonkri tcor) drio;u3u dloauXarirrarintore.n{rvirrir

rrirl:

2. 01nn1: oaouJfrfiiur:vudrrlsr6ullalo:rounrirorun (NaHCo3) rirn:orird'riarul

ar:1orrfl uar:rirr.ruorjilrru u:rrldoeiril: oroBuro

3. o r n n : r y,l n t u vrn d : ; u'j r l #r y f n t o l u n a ri u l n r il o ru sr (CaCO ,) r,ri o fr u rl u riu

ilirLrn:roluffanriroulnoonkri (coz) drfio:uvu fiooarlarlrr,rrjntorfiurjuryirfi'r

rvirl:

4. o1nn1: oaolr.li fiEur:vra'jrl una riul nriuorun (Caco) fiun:orirfrlarul ar:10

rfl uar:rit,ruorrjilrru vr:rltdoeirrlt o{oB!1u

- ie5, trnar{uun15!0rLJerynuln:u1 n!u1ata1ut fr.tatlnr:

CaCO: (S) + CH3COOH (aq) 

---r 

(CH3COOICa (aq) + HrO (t) + CO2 (g)

(alnr:rirhiq a ) oryljrdrtd' caco3 0.2 n:-l rilJfr fi 3ur rYlrj.,fir,a.ur z ia66 n:

ar:loriluar:riruuonj3urru ar:1onaf,o ua6orvirl: uacrfrnuffazuiorim46orflufiha



10s

noud e ,,rakiSouav

1. 01nn1: oaonrJfrfi3ur:vra.i.rltr6uilolo:rounriuoruor (NaHCo3) ryun:nu3r#larug
r ..l - .3 - .t0Uauto{unan1:uou Loo0n [toyttnotur]n1ryi,t L:

2. 01nn1: oaoqJl'fi3u r:vra'jxuna 16olnril orun (cacof ri'u:nJr#larur iouav
tolurianriloulooonlrrifi rfi ofi ufi rirrvirl:
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al r[6voi!:1ur]an1: flao{



107

R1nilu2n {

mrudnlia[nr'rvriri'nucn:curunr:y'r.:iilurnrafl i
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n'l11.id {.1 tnrutinr:iro:rsrifrnuvn:st'lunr:vrlifl ursrani

msudnr:rJ:cLiu
4

5!0uaJuuu

3 12

1. n'r:l'r.ilrau

drnoun.,t

rJ frri6 n r:vrora or

rnlrunt?

ri'urrar 1{qr.ln:ai

uavalltRlJ0u'1n

0nnan aaa!Llna2

Ltav turlva!

iriruual{riutra r

LnaUn:tul'l43

a1:tn!u1t0u1.l

a'ilrigndor

rxxlva!

voaa{srruliunou I lnao{rin:unru

firirvunli I tunoufirilrnuoli
I

'[rjfurrarfirirvuo 
| 
lrifr'urrarfirirr,luo

l{qrJn:niuar | l'fiqiln:oiuav

a r: rnfiur.r a tir r dr 
I 

ar':rofitiilriqnri'ar

'lrjonoior uaur:ar I ruurvau

2. nr:altnnuav

riufinHanr:rnao.t

a"rtnnualriuinHa

n''rSroaanonn0':

nao.!uRa?

n:utilus!-rrnr:

uoaan

ilrnouavJufinara

nr:roao.:onsior

ndolundr

usrtin:usrrl n r:

uoa0n

aiLnn$a3!uvlfl

ftanlSruaan

trionsiarurlriru

uavhin:tnrrnr:

110raa.i

dirnnuavuurn

(an1:roa0i

lriqndor ua;

lrin:unrrnr:

vlna0n

3. nr:u aaaua;

6:tlnant:voaa.l

ur.Janrrrvuru

riaraldondol ar

doa: uacoiu:rfl

t{aaoflna0.!nu

lla,la [4,
nta!na!Lu0'11

u anrrr:ulru

daua16'nndor a':

doa:Juavoirl:rtr

aaonRao!nu

iala un1,ri

o:auRarLuovl

ulan'turalta

dauarioua'ld

nnsia.iur.ldlu ar

1l aa 51 ll,r 5 a a flu:'l lJ

,.Jaa0naaonfl!

,ilola unlri

nSaunautuavl

u an'luvurtl

doXado4al6'

ondoralioalJ

uavafii:raaa

Liaonndor6'r

lara$av

Lxn:auaallLu0141

4. n''r:fltaua,.lantt

rnaa.i

rirnuoaa

n''r:roa0n

oul{onno.i ll9linu

n:vt'l

rirruaaa

n'Droa0.i

ou1i0nn0.l

Lrn u.! u.i fllJt u

r.ir6uoaa

nr:vona l'trinnoior

urdru uav

lriioru

irguola

n1:vl0a0.iula 0

n11!'l1l1U UA!

lrii'onu
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n1n,.ru'tn a

J.rda
[tuuvr9l6ou']9r Ha6il6lvr5m1{ n'r:[:uut:a { U:il1[ud1:6tJ1ru5

uuud:fiu q 6irdu{u ( -tier diagnostic tests)
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truuyro6ouinr{ adlqndvr rlnr:rEou

rdar Gurcuar:dlrYuii :ruir rnfiz :raaisr x30222 
^.mtitrufi 

2 tnr:Finur 2ssg
-i- -y- e .+.i - srurl0urt6nu1gt 4 i:{[5uuluud{65srii o'rlnoluua.: d{uioua::rt6ur

;; 
". - --

6',ltun.t

1. ulluoaolriluulll:l-o 4 o-rrfion d1!.tu 10 da uti.raonriJu z eiru

eirud t hirinGourirrniouarru E] vr'udo n, $, n uac r fiuiudr
nndorfiasrrfiu.:dorour uaclirrnSolvrLro E} ri'u:sd'lnlrfuloeitairiEnr:riru.)€u r,2,3,
4, 5 uav o firinriuurdonnouufi urdor6ota.:1un:vorurirnu

. j qeo dd?u, 2 ltun15uuuao.:iBnr:rirurruiiryiun"rnoudrufi t Iouuanl
, "ac " iir- nr:rirrrruoeirlavrduoarlurio mr rfrrirrauolri uavlir roio,:urru I ri'r:ydrorrlriulo

drr.ririBnr:rirur il t, 2, 3,4, 5 uav 6 firinGou16onmourfiu{dorde,ral'lun:corvirorr,
^j2. ruoaotraSo udiLfrircioao!.i.rnun::unr:rirfi'lriolaol
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r{anT:Gaui : ri'luxrul4liiluxuha rrasa.:ar: rJ3lrq:r,o{ufiafi srp uiadru?uounla

tarar:arnarnr:tnfftd

t. ufiaovlsfidu (crHr) rniuilfrornunar6urnrflroi (cac) rirrJifiSurfirr.Yr frr1d cac, z

nir ovrioufia c2H2du6qnlrnrirtufiun: fi srp 6ori.lurrafinir (c=12, H=1, ca=40,

o= 16)

1r. 7.0 cm3 ,0.625 g

l. 700 cm3 , 0.8125 g

f. Gr,ot

m
..r, lr,rr-i" r' t r 

-.

nrnuaornr:riorJfl fi3ur:vra'jrr cac2 fi1r H2o

n. 0.7 cm3 , 6.25 g

n. 70 cm3 , 8.125 g

- ;,6 
"ie9r!n?1lJl.l1r [oaly:!rl? ra 0n

ttapt{?Dnr:41ul

1. 2 4 5 6

[o1n100uvt

la0n

lrkiouriulo

nt00Llvtn0n

1.11fl

lrhiulo

ntnou taofl

riutorirnorfr

ta0n

!u[0n1fi01]vt

rdonrrn

riulorirmor.lfi

ra0fl t fva0

(c:rlJ

!
I

#
*
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:caYu n r r ilriulo dr raili6 n r : rirur ru

1 2 3 4 5 6

to1?Dnt:

n1!?zu

unou u Ln

?5n'lln1u2tu

1n

!rJ!ut0'rnn'r:

n'tu?tu

lluL0?Jn1:

nlu2ru

ut0?Dn1:

n11?Ollt',tfl

,JUtn?6n1t

n'tulful.]1n

ytao

2. rirriuoonrvru (CrH,r) rionnmrlllrioeir,:alr;:niluraioieru0i rJfrfiiuro-.lalnr:

C6H16 + 12.502-----+ 8CO2+ 9H2O drl{aan0rouhJ 44.8 dm3 ourn :ru.jr rjrfuoon
, een

lvruovon [r L1J luUflniu1n1:rfi1Lu fin5l (C=12, H= 1, O= 16)

n. t.eZq n:-!

n. 2.736 t;u

n. 18.24 n;u

.r. 27.36 ni"rr

- .i. .
:vo!n21!uu [ia1u:ur]?taon

uan.ri6nr:n'rurru

1 2 3 4 5 6

[nlnluouyt

La0n

biriouriulo

ntn0! ta0n

!1n

tl]l]utn

n1qou11ta0n

,JUL0n1nO!vt

ta0n

"j,o " ;
tJuIio1F]a!Yl

ta0n!tn

l,jutnol0tolJyt

ta0n,.l1nyr6fl



:v fir nr u l-ulo citairi6 n r : rir ur ru

g. ulnf,riur tz nir rilJfrffiurnirn:olalo:naoin 40 nir rfioufiataln:rourfluardnfiruc{

6'rarnr: Mg (s) + 2HCl (aq) ----)

(Mg-24, 0=16, H=1, Ct-35.5)

n. 0.5 lrra

n. 1.5 ha

--o"5vntn11!ttuti6'114:1Jr|1taan

nrnuaqrnr:rin flffiur:vra'jr Mg nn HCI

r. 1 lrra

{. 2 I}]a

MgCl, (aq) + Hlg) fi rufialalo:routioduiha

a')6ur.i16.!] (ti9)

+

I n:o1aIo:aaoin (t-tct)

i,ll(l - H

11.3

1 2 3 4 5 6

ro't15nt5

nlulfu

tririoslr-ulo

?0n,l5n1u't6u

,..11n

lilriu1o

'l6fl'l I
nlu?6u

Lru 1016 n t:

nlu')ul

x.ru tol5n t:
nlu?ru']fl

uuL0'l5n15

n11?fuu'rfl

r a9t

1 2 3 4 5 6

r0'tFn0r0lJfl

ta0n

tririoua-ulo

n1ql0wra0n

t.l''ln

Ll.Jxr1-lt0

rrlrlouvtla0n

riulorirno!fr

16on

riulorirsrorfr

taon lfl
flutorirmoffi

LA0flXr1n 60

\ ;

aruialalo:.0r.

?--

l=
a*D
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Iaq.ii6nr5n'1u?ru

: v o-u nr rl rillo ;ir r,l iti6 n r : rir l'r lu

q. urfiarroilr]rfiurfioornnr::':rm"lr,ro6n1utor"[uln:rourilloln:rou o'lrjfrfiiur

N2 + 3H2 -----+ 2NH3 rirfltuln:roust'ru?u 50 n;l ovrlofldiolo:muotjr.rrjoufiaefin;!
; ;-

ltavrnouor] [uLru!lnyrdo nni! (N= 1a, H= 1)

n. l{oonirouodl{ilou 10.7 nil rfinuolhriulrnfian 51 nil
t. l{oontrouodr{rjou 10.5 nirL rfiouolhrfiur.ndq, oo.z ni,
n. ldoonirouoeirrilau 10.5 nil rfinuoilrriulrnfian 51 nil
l. ldoon8uouodrrriou 10.2 nirr rfiouorllr:rfiur.rnfio, oo z n;,

- i]o .
I u o lJ Fr? 1U l.tl./ Lnfi1Ul!rl?ta0 n

!tau':?0n1:n'tu? ru

1. 2 4 6

tol?in15

n.].'tu

hiriouriulo

?0n1tn1!?tu

1.]1n

L:rltut02nn't:

nlu?tu

l.JU [016 n1:

n1u? fu

uLJt0?5n1:

Fr ']u't fult 1 n

uul,i?5n1:

n1u?rut.l1n

vta9r

1 2 3 4 5 6

tftlFrln 0Llvt

ta0n

lririouriulo

n100uy[a0n

!1n

lilrl"ulo

Fn9r0lJyta0n

,rulnnlq0!yt

ta0n

uo o i
!uLnPr19101Jvr

Laon!1n

-.) . J
l.r1.J LOFrt9rO1lyr

taon 1nl1afl
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I
I

B
*
,ry

fi

:v rYr nr uriuto ;ita:ni6 n r : rir u'r ru

- i . ,-_HAn',ttrtuu: : :yua15n1ruo1 t:r].ttutray L. filu?ru 1uil.l1ruto,!a15du1u!fln5urrnlki

s. fior:zula"lnr:dutJd ar.rHrtsl * solsl -------) 4No(g) + 6Hzo(g) drfi r.rH, druru 5r

nir uav o, iiruru 128 ni! ourny:ru'jr rfioar:#raaoirrJflfiiurnlu ar:1o rtluar:riryuo

rlilrru ar:'[oua6otrnrJfrfiiur irJilrrurvr6orvirlyi oyrio No uay H2o odrlacfinfr.l
(N=14, H=1, O=16)

n. NH, r{Juar:riryuo itrru, fi o, u,t6o 8 nit, ufio No 90 niu rfin H2o 81 nirL

t. NHru{Juar:riruuolilrru, fi O, ry6o 6 nirL, uio trto 9t s nil rfio HrO

gz.as ni!
n. o, rfluar:rirrauoUilrru, fi t'tu, u.r6o 8 niu, rfin No 90 nil rfio H2o 81 niu

r. orriluar:riruuorJilrru, i ttHruaf,o o n:-u, rfin No 91.5 nil rnn H2o

82.35 ni!

v .ro o
:YO!n?1r.DtU t0a1u5u0?raan

1 2 3 4 5 6

[o1? 5n15

n1!?tu

hiriouriulo

?fin1:Fr'']u?tu

'tn

t! utn?on1:

n1!2fu

uuL0't6nl:

n1u?tu

u[a?nn15

n'tu1tu1l1n

!! Ln15n15

a1ultu:.r1n

ao

1 2 3 4 5 6

LO1n10 01Jyl

[aon

lririoufulo

a1ao1,lr[a0n

!1n

tilruL0

n1F01lr[a0n

riulorirmolfi

ta0n

i. " ;
rJutnn1n0!vl

ta0n!"rfl

lJutnnlno!vl

ta0n!1nya9l



lt6

uao{i6nT :ri'ru?ru

:c oT!nr rlriulo 6itairi6 n r :riru'r ru

1 2 3 4 5 6

tq1't0n1:

n1!'t fu

hiriouriuto

25n1:fi'tu1{u

l.l1a

Htutn?5n'r:

n1u?ru

! [n'] 0 n'r:

n1u1tu

r]uL016n 1:

n1u'tfu 1n

,ru Ln'r5n15

n 1ul ru:.I't fl
J
11aO

o. ornrJnffiorto.rlaraykrdu!fiu!1 rilalnr: 2Na + 2H2o ----+ 2NaOH + H, drl{ Na

druru 25.s n:"u ritJfrfriarrYurl.,ri.ru so n:-l ar:tnrfluar:u.rf;o ua6ofin:-l (Na=23, H= 1,

o=16)
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niluffalob:rau
(Hr)

fllfl uao.inlrrfi o!fr iiur:vu'jrr l,,4g rYt lCt

rr. Na ua6o o.s nir r. Na ru6o 15.5 nY,r

n. H2O ry6o 20.05 nitr {. H2O r 60 30.04 nilr

- ;,q 
":vFr!n?l uu[041I:1ln?ra0n

uaoi10fl1Tn1u?ol

1 2 3 4 5 6

Lfl''tn1rl01]

TLAOfl

L n0 ErL11l L0

nlrl0!vta0fl

x.Jln

turiuto

41001t t40fl

#ulorirsrorfi

LA0n

riulorirnoufi

La0fluln

a-ulorirmorfi

ta0n t flvafl

tso!n?1 tlu !aa1fit1J?5n 1:n 1u? fu

1 2 3 4 5 6

tol?8fl't:

n11?6U

Lt]nou u[o

?6n1:n1U?ru

}]1n

urlrut015fl1:

n11l?ru

lJU L0?0n1:

n11?6U

tJu t0lDn1:

a11]?fuxlln

lJU[0?0n ]:

nlu?futJ1n

YA9t

:,;' .

/-rC H
1rrr (H2o):arYi.6!! (Na) I

-liunIry.
NaOU . l-
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7. a1:aya1u R rirrJfrffiurn'laliaraiu B d'lalnr: A +28 ---) AB2 dtirar:avaru A

rril{u r.s fuaoioanulflriroiuer: x1 10 an!1fldrsufiun: Haln"uar:avalu B t{ltu : Ila
ri!

sioanurfl fiuoir!n: iiruru 6 anrlrfl rirruAureli r.rdlrJfr fiiurrfi oduarLl;rniudrrviar:1or

- ,"lr
rud0aqffivtua00qnua

n. a15 A rr,16o 0.005 I:Ja

t. a't: A rrlr6o 0.006 lla

n. a1: B rr,t6o o.oos lla

n. a'ri B lu6o 0.006 ha

", .:, o 6

:J9tUn?'ul!u t0a1ul!01 ta0n

uao{'l0n15nlu16u

1 2 3 4 5 6

to'ln1rl0!11

LA0n

[1.Jnouilu Lo

FilFlo!flLaon

l.l1n

Lr.r uLo

nlrlo!14t40 n

t.ru LQn''lsl0!vl

ta0n

-. o a
l.JUL0Fn910u11

[a0n!1n

!u[nP]1a0!vl

ta0nulnuafi
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:vrTu orr:rri'ulo dl,r iui6n r :n'rur ru

Hanr:rirlui : riru'rrurararatriiou6sro{a1in1nn1:moaorfi riruunlfr'tri

8. nr:lroaolrjrua6n to niu ritlfriSurriun:or-aihin nllr{lriu t.o hariaanlrflri

tofrtusr: lSrro: 100 4nlrorirrufiuL6: Lfioliiiurrfioatl:ni iorjilrn:toluffalolo:roud
n

rfiodufianrrv srpld t,t92an!rfirirs!6u.rrr: o{rirurrur,rriouavtorruFnri'rur4did rlfrfiiur

tiuo-.larnr:

Fe (s) + HzSOq (aq) =-) FeSOq (aq) + Hlg) (Fe=56, S=32, 0=16, H=1,)

n. 78

r. 80

n. 80.5

i. 90

w .)o ":vqun?uu1r L0a'tlr:un2raan

1 2 3 4 5 6

Ln1?0n1:

n1u?

lririouriulo

10n1:n1u2tu

utn

[r]!ut0?5n15

n1u?fu

lluL0?5n'r:

R',tu?tu

llu!0?5fl1:

n1u?tull1n

lJu t025 n1:

n1u?tull1n
)y|An

1 2 3 4 5 6

to't fi 101 01J yl

ta0n

L!nouru Lo

n1001Jyta0n

,r1n

lrirl"u1o

nlna!11ta0fl

-. " i
u[0n']Frouvl

ta0n

.io " i
1]uLnolnouvr

ta0nu'tn

riilorirna!fi

ta0n 1n11do

ruao.:i6nr:rirlrru



720

/

:c o-! nrruriulo iiryir.li6 nr :rirur ru

e. ornrJfrfi3urto{aravkrdurLriurjl n-lalnr: 2Na + 2H2o 
--+ 

2NaoH + t-t, dr1{ t'ta

riru?u 25.56 nirL ritJfrffiorrYlririiru':u SO nil drnr:ynaolrfioufialaln:rou 0.90 nil o.l

u1 a LoSouacto.iudalslsr:rou (Na=23, H=1, O=16)

n.81.08

1t. 85

n. 85.08

.i. 92.05

, io o
:vo!n't']rJl.]lJ LQal tU9tltAOn

1 2 3 4 5 6

tn1?nn'n

n'tu?tu

I"iriauriulo

?0n't:n1u?ol

1n

Lr!uLn'r5n1:

o1L12tu

ruL0?5n1:

n1u?6u

uuto1fin15

n1u?tul.l'tn

UL0?5n1:

n 1u': flltJ't n

vt60

i 2 3 4 5 6

tfl1n1u0uyl

ta0n

lririouriulo

nlma!uLa0n

u1n

Llr1.ru Ln

nln0uylta0n

uu[0n10]ouyl

ta0n

,rulanlnouYt

ta0n!1n

!ulQnlno!vl

ta0nrJlnytan

ruaoti6 nr:rirur ru
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: s olu n'r uriul,o dta :ni6 n r : r,irur ru

{

:

1 2 3 4 5 6

tn1?5n11

n1u?tu

L noulJutn

?En1:n1U?tU

lJl n

llll]ULA?5n1:

nlu?fu

uuL0?5n1:

n1u?fu

lluLn15n'r:

n1r?ol!'tn

l.ru [3?5n1:

n 1u't fur..l't fl
!
vtatl

10. nr:rniurr$l ruoa (CH30H)luoorat,rn::rli!frfiiarrj'lalnr:

n"r ri.:rJifiiu r

2Hlg) + CO(g) -------------'

rniurar:niruld cH joH 35. 7 nirl aratdiouayfi rirrvirlrai

n. 50.45

r. 51.45

n.51.89

t. 55.89

- i. .
IJO!n?1rJt]UL0a1Ut!A1ta0fl

[tan{']5n1:n1u1tu

CH3oH(t) firrilduld Co 68.5 n;! u,av H, 8.6 nil nr:

1 2 3 4 5 6

[o1n1n 0lJvr

ta0n

lririooriulo

Frl0]0! ta0n

1.l1n

Lxr.ru[0

F|t9r0uy[a0n

!ut0n10auvr

LAAn

n. 6 i
t.l1.,/L0n1no!vr

ra0n!1n

U[OfilnAUvl

ra0n ln11ao

I
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I

;

1 2 3 4 5 6

lo't?5 fl15

n1!?6U

hirioufulo

2dn1:n1u'ttu

,J',ln

tr.r!utn?sn1:

n1u?fu

utn'r5n1:

nlu?6u

}] l.J L0',t 5 n 1:

nIu't ful.]1n

!utn't5n1:

n1u?tlltJ1n
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n1r1{d e.1 asuuuaoudaulEuuuavud{fisu Rruuurfiu lo nuuuu

nsuuu

pre-test post-test

7. 4 6

2. 4 I
3. 3 10

4. 2 4

5. 3 4

6. 4 B

7. 3 10

L 2 5

9. 1 4

10. 4 10

11. 3 9

1.2. 2 4

13. 3 9

1.4. 3 9

15. 3 5

16. 2 4

17. 2 4

18. 3 6

19. 3 7

2A. q 8

21,. 2 5

22. 2 5

23. 1 6

24. 1 5

25. 2 6

unHUunufl
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fl'r:'r{fi a.1 nsuuudauriouGuulrav d.:[iuu nv&uur6 10 6!uuu (eio)

;

unt:uunu?l
nvuuu

pre-test post-test

26. 1 4

27. 2 4

28. 4 5

29. 2 6

30 2 7

JI- 2 5

32. 1 4

33. 4

34 2 5

35. 3 10

36. 3 10

2 4

38. 2 o

39. 4 10

40 2 q

41. 3 5

42 2 5

43. 2 7

44 3 10

45. 3 8

[oau )\? 6.38

nvLtuuo'r60 1 4

nvuuufi.ido 4 10

SD 0.89 ))a
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n1:1{fi o.2 ncuuusorrinGsudsraun'r16onnn qouruqflaon uaynousT':16onsras

tuEflaQn luuaavt,onouHuullasr,ta.i[5uu (N = 45)

TJOYI

iiruruuo.rrin riuu (nu)

n0u[:uu ua.:ffiuu

oau

n?[40n0fl

9t0u[14flfia

0n

9lou

9?[A0n

uaslfi9ll{a

nnu{n

9tou

a1[a0nnfl

9t 0u [149t ,{ a

nn

9t0u

a?[aofl

[t6 c [14 9l 

'J 

a

0n {n
1 I 3 3 24 21 21

2 14 0 0 35 31 31

11 4 4 35 27 21

4 18 1 1 23 22 22

5 16 0 0 ?4 16 16

6 0 0 23 18 1B

7 6 0 0 35 35 35

8 11 0 0 29 15 15

9 10 0 0 27 17 17

10 12 0 0 32 22 22

Iaa8 1 1.40 0.80 0.80 28.70 22.40 22.40

I
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d _ o tJ a o
a1:1{Vt O.3 A1U?UUn[:UUylllU tO [Un1:A0Un1n1tl tun2raAn

ul,1u[14er: <iruru 10 do rinGsuvr{ililn qs n!

'iJo

iiruruto.rfntiaudnounn (au)

n0ut:Bu Ma,ttSuu

CF cFc CFW
nlta0nua3

LvnRa0nr.!a
CF CFC CFW

n?ta0nll43

tyn a0nr{6

1. 4 3 1 3 13 1.2 1 2l

2. 1 0 1 0 15 14 1 3t

3. 5 3 2 4 18 15 3 27

4. 2 1 1 14 12 2 22

5. 2 1 1 0 17 16 1 16

6. 1, 0 1 0 13 12 1 18

7. 1 1 0 0 23 22 1 35

8. 1 0 1 0 B 8 0

9. 1 0 1 0 10 10 0 11

10. 1 1 0 0 11 17 0 22

20 11 9 8 148 138 10 224

:aua3 4.44 2.44 2.00 1.78 32.89 30.67 2.22 40.7I



728

J " J.i
n'li'r{fr 4.4 iirururinriuufi riu'lolunrrnoudrorulurqnrua

x.lslvln: riruru t0 io fin6uuri'lr.1r:o qS nu

lJ0 iilururorrinriuufi nouqn (nu)

n0u$uu fi4.:[5uu

CF CFC CFW
n?[a0nllaJ

tltsl i{ a n nvl .1Fl

CF CFC CFW

91ta0n

t[6cn49trJa

0nfl{a

1. 2 1 1 3 1.2 72 0 21

2. 1 0 1 0 15 14 1 31

3. 2 I 1 4 14 12 2 27

4. 2 1 1 1 15 12 3 22

5. 1 0 1 0 15 13 2 l6

6. 1 0 1 0 1.3 ).3 0 1B

1. 1 0 1 0 27 20 1 35

8 T 0 1 0 8 B 0 15

9 1 0 1 0 10 10 0 l7

10. 1 0 1 0 1.6 16 0 22

5?U 73 10 8 739 730 9 224

50ua3 2.89 o.67 2.22 30.89 28.89 2.00 40.78



129

J o i"r - .
9,I1'r.lyr o.5 a1u?uunlSuuyruu [a lufl15nou6'tn1lJ t al[aon[[act 9lt.la

r4!1un4el: iiruru 10 do rinriuuviruro 45 au

?0

o'rrru,uorinrioudnounn (au)

n0ut'iuu ua':t'tuu

CF cFc CFW
ff?t8anltn3

tunHE0nr,tF
CF CFC CFW

ilmanua:

tuwtnonr{i

1. 2 1 0 3 11 11 0 21

2. 1 0 1 0 15 t4 1

3. 2 1 1 4 t3 t2 I 27

4 2 i 1 1 14 r2 2 22

5. l 0 1 0 15 t3 1 16

6. 1 0 1 0 11 11 0 18

7. I 0 0 0 2l 20 1 35

B. 1 0 1 0 B 0 15

9 1 0 1 0 10 10 0 17

10 1 0 0 0 16 16 0 22

l?rl l3 3 1 B 134 127 6 224

't0ua! 2.49 0.67 1.78 29.78 28.22 t.33 40.78
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n'rt'r{d a.6 a3uuufi'nusn:suxunl:y.l,riylul6raqiTounr:d'*ns

fiLr1U t149l:

ri'nryvfi t 6o yr-nuy nr:r r.: uarutYun ou n r :rlfr t6 n r:y o a ol

6o vr"nuv nr :dl unn uayr..tnfi nrua nr:uora o.:

6a yinuynr:urlaara uaya:!rua nr:yoao.:

6o ri'nuy nr:dr rauo i.ra n.ny oa o.i

rl'nryvfi z

vlnuyyt 3

ri"nuvfi q

flau?l
fl nu!n5!u?unltyt''1.1?ytu1 fi 1an:

nBcvt 1 vr-nuvfi 2 flnuivr 3 vnBvvl 4

1.. 4 4 4 4

2. 4 4 3 4

3. 4 4 3 4

4. 4 4 4 4

5. 4 4 4 4

6. 3 4 3 3

7. 4 4 3 3

8. 4 4 4 4

9. 3 3 2

[oau 3.78 3.89 3.33 3.67

I

I

I



ftu
.J
yl

:!n'un?''r!11'.tyialo

ta

1

na

2

ta n0

4

1A

5

t,0

6

t0
7

uo

8

t0
9

uo

10

ta
11

!0

12

1a

L3

1a

14

1,0

15
1 5 4 4 5 4 4 5 5 4 5 5 5 4 4 5

2. 5 5 5 5 5 4 5 5 4 5 5 5 4 4 5

3. 4 4 4 3 4 5 5 4 4 4 5 5 4 3 5

4. 4 4 4 3 4 5 4 3 5 4 q 5 4 3 5

5 5 4 4 4 4 4 5 5 4 5 5 4 4 5

6. 3 4 3 5 4 4 4 4 4 3 4 3 4 4 4

7. 4 4 3 5 5 5 4 3 4 4 5 4 4 5

8. 4 5 4 4 4 4 3 4 4 5 5 4

9. 3 5 2 5 5 5 4 4 4 3 4 3 5 4 4

10. 4 1 4 5 5 5 5 3 4 3 4 5 5 4 5

L1 4 5 3 5 5 5 4 4 4 4 4 4 5 4 5

t2. 5 4 5 5 5 4 4 4 4 4 4 5 5 3 o

13. 5 3 4 4 5 3 4 3 5 4 4 5 5 4 5

514 4 5 4 5 5 5 5 5 4 5 5 4 5

15. 5 4 4 5 4 4 4 4 5 3 c 5 4 5

16. 4 4 5 5 4 4 4 4 3 4 4 4 5

17 4 5 5 5 4 5 4 4 5 5 5 4 4 5

18. 4 5 4 5 5 4 4 4 5 4 4 5 5 4 5

19 4 3 3 3 3 3 4 4 3 3 4 3 3 3 3

2A 4 4 5 5 5 5 5 4 4 5 5 4 4 3 5

2t. q 4 3 4 3 4 4 3 4 4 4 5 4 4 5

22 4 ) 5 5 4 4 4 4 5 5 5 5 5 4 4

23. 4 4 4 5 5 4 4 1 4 4 4 4 3 4 4

24 4 3 c 4 3 4 4 5 4 4 4 4 3 ) 3

25. 4 A 4 4 5 5 4 3 4 4 5 5 3 I
26. 4 4 5 5 4 A 5 4 5 5 4 4

27 4 3 4 5 5 q 5 3 5 4 4 5 4 5

28. 4 4 5 4 5 q 4 3 4 3 4 4 3 5 4

29. 4 4 5 5 5 4 4 3 4 4 4 4 5 q 3

30. 4 3 4 4 1 4 4 5 4 5 3 4 4 3 4

31. 4 4 J 3 4 3 3 3 3 3 1 3 3 3 3

32 5 5 5 q 5 5 5 5 5 5 5 5 5

33 4 5 5 4 3 3 4 3 3 3 4 5 3 5

34 4 5 5 5 a 4 4 5 4 5 5 5 5 4 5

35. 4 4 3 4 4 d 3 3 3 4 4 3 3 4

36. 4 4 1 5 11 4 3 5 5 4 4 5 3 5
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a1:T {d a.7 :vriuartrfilr^lo'loua.:rin riauudaynu (eio)

iu
u

::iuamlf,,rnalo
i'o

1

to
2 3

!a
4 5

?o

6 7

1a

8 9

1a

10 11

1a ia
t3

ta
14 15

37. q 3 5 5 4 3 3 5 4 4 4 3 5 4 1

38. 3 4 4 4 5 4 5 5 5 4 4 3 3 4

39. 4 4 4 5 5 4 4 4 5 4 4 5 5 4 5
40. 3 5 5 5 q 4 q 4 5 3 4 5 4 4 4

41. 5 5 4 c 5 4 4 5 5 5 5 5 5 5 5

42. 4 3 5 3 4 4 2 3 5 4 4 3 4 3

43. 5 4 4 4 5 4 4 4 4 5 5 5 5 5

44 4 4 4 4 4 5 4 5 5 5 5 5 5 5

45. q 4 4 4 4 5 4 5 5 5 4 5 5i 4.13 4.09 4.t1 4.42 4.38 4.24 4.11 3.96 4.29 4.20 4.22 4.40 4.34 3.91 4.44
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uuudou n,trR?,urfi lr,roloro.rrin ritru

dr u nr:o"nfi on::ldniunr:aIiarJfr uGoi.l (Hands-on)

1ou1drlfr fiit,:vra.ir,:ar:!:snornrilorunuavn:o rdol rjirLrruar:a,lriuii

noud t do4avr-rltJ rdur fiuanrunrntor frm ou ulrrla ouo1ll
"S d adriuo.: hj:orfiuurnEorvrrs '/ a.rlu,tjol ( ) rarirdonruvr'o:lryuanrnn:rlr{Juoiltoryiru

l.ry{fl ()uu ()ra{.r

aaufi z at ru 6 n uiu rd t, r riu n r: o'o fi o n : : r n r : m' u u i
altuo{

iau )uuuaounrrtoi hirfi ori, :ron:u6orfi r uavnrufi rvro'totarrinriuufi fi rionr:d'n
- vldnn:rrnr:fr5ol uilrruar:d'rnirii 1ooldn:vrrunr:riuui*ulf,r rarsyrnrrr:i '[u:ruitr
lnl'z:ri'aitr ?30222 nrru'rerolrullaornrrl#n:rriln.:rl6orfiurolrinriu!!rnfian
rfrorfi'udrvr'rfio;f,ulufion::rd loohirinrEuurirrnior uu.tu / a.rlutior:vriunrru6o,#utoo
un15uu rfr u.rtiolro-ar/rirnru ryirfiu

tunr:noruulaurn',,ro{.d ovlrifiaran:vvrulo1 riorinrE'u hl:nfior:rurrirqo!fi
rin ui u u}i'to4 a lrXn : r ril nr r l rfl u oi.w r n lr' a o

taura=on 1 d'ru"nriuu riaufian

z rirrlnrSuu riau

a firrinGuu drunar.l
q drfnGuu rl1n

s rirrinuiou urnvr-ao
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f . inriauirirui':d,unr:6'qfiln::!nr:riuunr:aou

2. n:riaouOolonralfifnriuuuao.inrr!6oniu'tu:rr,rirrriuu

-i-r. n: ?.J 6 01.J 0 i1J "t u tu 014 r [0tornu

4. n:nourir oru uririn ri uulril! a rio {a a ra-u

5. n: da ar ri olo n rali'rin ri add'a rfi orJ! uToir u or-r ro r

2 drufion::lnr:yaao.:

1. nr:roao.tr.J3urrua"rriur5lnaldrJ[fiiur:vyir.rar:!:vnor_l

nrirotumuavn:n iorrl raulo

nr:rnaolGlrrudlr{"urilna1irJfr fi iur:ry.jrrar: :vnou

nrilarunuavn:oarrLr:orirkl'.iru

3. q n:ninrrliuuiil'rurulfi urroffufnGuu
q. h n r:y o a a{o uldrl fr fi3 or: v r,rir.: a r:rf rnou*iuar,r,t^nrn-

ailraiu'lrifiriuulfi fl nr: ui0!5iru rfi raqilo utiru n:v{unr:6notirr
iu,rnara lfi oudfl ryrarluria.:rJ!tGnr:

5. lunr:vrnaarrirbhinriuurfi qu:ro,:10fi;rriuritrr,.r".,rar j
a 6ru ::Iutdiadn6su

t. n r:ro a ooirlririn riuti arlr Lirlr

2.'tunr:roaa.r rinriuu6qir tinr,iuuira'01,1l..,rn:lil--u;raoio

rli!Gli r (Hands-o"r) ur :iytr', rrasril^ ndu

3. h:cyirifi ?irnr:rraao,,ir'ttirinriguld'fi

4. fnr5uuarr:r:ndln.nrfrrnnr:uoaa. r.Lr.lrrqnrldlrrn,:G*G-oo

5uluavrirllhirJ:vluujlutisr :ydr r-uld

s. rin ri ur:ldri t-ru idr a rir ro I o d r.:i a rru a r

naufi 3 {oAouiuuaydoralouuv

:zuirlrfioulun{u
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?'yrar:rurn filca{ua;nlouara# # z oriufi r rrnrau - l-oulrJl 2ss9

n1r.1-EomaRa0 1r,i1$t.larji{rr*Ieul#artraftu

!1nU1ro12$

Experimental Demonstration of a Limiting Reagent using

Chemicals in Daily Life

nm3utf trf,urn, qn, n errfia.r. rf;r or:d,'l'n, u:6r'rrr* oroa,rlss

tt,n:ra*g t'uirri.

Otuylll!,']frlfln: rJxl1YlU"lqurLJafllt1u 8.111U:11:11.t I Durlrlnf,lu 3a 190

'Email. sano€.c@ubu.ac.th

un90uo
6 ' J- -{1u1tuu!1a0u::atRr}r0rllRuBn.r:Rlintrosalnr: r u uo r}ilr rulo trld

m:rnflu65e rJ::{rr'urrnrlfiffilr;:uir.rnr: r:nourrrfuorusniun:aririi,orug
t .afnSuaLufit:}l'lulntu'lnun:fluotflnun? tnunanllu0lr1BBBnlt96tfr,]u,tto?elfi

Iaun:ltrnnrrh'n::rLondeurlnul:.iriorors'unrrurnufirir r[ olt"rli l rrunro n.rfi

rJiurr:'ra.rufi*ariuaBleo onlrririrfi nfurrnrJfi iiurr;duorJfu iu.rruror
nriuarusfrtri rrr:'l:o:riu rrnfih-rrnntn *ao,rirulriirirrur6nn:rurt'rhrior
m: ruln iirn ruln?0rdu nrrminnsao,rddrl;ri ufi suhrhuirrn:un;rinriu u
r nrcs'ulsuluitrr ni

sidrig : nrrartn il, nra-ltiuf *r,lft nun :-tr ru loir a tn:a.ru n

Abstrect

This research aimed to p.esant an expenmental demonstralion of a limitirE

reagent using chemicals in daily lire from ihe reaclion bet\r€en carborEtes and

vinagaLr, Ca.bonates reacl with acstic acid to form carbon dioxEe (COr) gas.

llhictr wG directly m€asured L6ing a syringe without the daspleement ol water.

\rrhen lhe amount ot vinsgar was fixed. the volunre ol CO, gas gerErated from

tha reaction was dop€Monl ofl the amounl ol carbooatcs used. Thereroro. tho

-147.
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?l:ntuurfirflfrafua:l-mlnraoi 0n' r or'ui r rrmnr - Gqlruu zsse

reslab corld halp strx,onb io ct"arify dE Ercspt ot a timiting ,Eagsnt This
axprliri{.! (btrurslratbn atso should b€ ot inh(3$ b tsac,Ers ald strdcnE at
al lcvols h €rErr sty.

Katuords: Domqlstralbn: Stoichbmery: Li.rIliE regsnt Acid&s8 cfiembry

umdr

rJiuroaln-uf, 1soichbmary)riunr:a'nnrri.lrJilrnrit'rn'tir:r-o.ln-u
orri ::naulorB'):tnl- Jiltnrolrt:friu srfiann aoaatulFirtrrutaonn-.rnl
lorarrfi r duuu:JallurJ$n'ilrron' lnlrrlrrinure'u. as+r) rliurrun-lriuf,

::noun'rurianrdar.1 unrou-1r-an'mnrionr: roturfrhuo:rdonrrhulrqjr:
rfi urdo.r n-u nrr.Jruro uiu lla mls: nlu n!fl rJ!1n ng n-o rir unr# -:urrurr:

1lrnunr:rrrl- er:drnun iurs lunrrs'nrno*fii.rlo- rn,r:nanol j.rr 1 ::u.ir.l
m:!::naunriuoruoniln:n rdolu"rinFuule?nuruu:6etfi orn-r ilraerrlu
srnr:rRn' ue:m;d-ruurr iltrx d.lnr:6nurrfi urn-u irrnrirn'uf,inrrlrhnrl
uo:ri*rJ::lutrilunr:lfornn:ru irrnrl o.r nr:fi12-rflu nr:a"r s'u rfi o1u.lg.
,Jinniudi!-L6uronrriio.rnr: :t:n'lrrur:nuanle:jtartetro*l c-rle rhr.lfifi,r-ur
nreua:n-r:f:e'l*-rlnnrru otrnrJ4ntrr r.lfin'iorlarnr:rJ::nouarirournr .us'r

u drfi rirnu'h rnrr; fi : rn6sr or rr: ::nour,'nornn orr,

art ::nounrfuorun fi o rnn'olarntrRriuofi n nulur::rmn-uart
tia rriu Itraullols:rrrnrfuorus (NaHco!) I,rtf,uu|1fiJ0t fl (Na2co!) urir
uoerdulnlit.:orun (caco!) ! ra' lgr6u!1ale:nunriuar*e uio rl,r{ lErauog
soaay 4,rfiqr tiilu;r.l un:rh:Jf fiiur n-un ra u irle.ufiaorfu o u1n e on'lrirflu
ABanIUftr!l{rflU2nu (Karakstjs and Van Hecke.2mO: proksa and T6thove.

2fl)6) s''t, :!ns!rrrfusrun6ntioniIyr'nnrIrrir1r'rJ::Iur{!rn6auoo16!ru
nriuor,us trun'.:IJarur::lrreltl trorfiu uniofi udouun:rllnllfri r.fu
t 6onu or n::nn riorhrJfi fiiorn'u'n:nt:,iouriooril,oulaoonhci lcqy riu
rt:rfi en-rud ur,ar6ulnrilaruenn rrnlfri::lumilrosnrnn::rotirlurnuru

rin rnn-6n Brfi ulh'rJf fiiurfi hiuri'ari xnr:fl 6an'$d!ryhnr: arf o
n r n a.lrfioinrrl,rq6 nr:llisn rusr.ruTr o.ruria n-r otj.r.l Nyasdu. paris- ard
Badag (m09) ln1lrrnlom:roaolrn"ainurrirntyitarurielo'orri.urJ[ffiur::r.jr.r

148 .
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?Trclruupitffius:i,rnummi f,i z s!-ufi r uffiau - inuluu 2ssg

eriuorunliun:aua:r-n iurnrlolufialeonr:un16rir lxrluo{t6urfl yu
(2010) rsronlrnr 0otrCa incrtJiul aux-lrf nrnrrirend ngorruc-uriou
tsrnoariu nrrueitlalorrir un;orr r e'uu:,ruinrrln u or a-tr 4fiiur::r,irr
Itriullulr:i lr.ranor) rir.rnrifor{1in 61Nx,Bory r:rfi da'ir rfirnaso., rLi
rinriurln:rJ$:rTri.re':ualroluarrfi nnrrlin:rulurdarrir llrurr:uleih rru
iirdu n'.runtir nr:6ssrr irrn:ssrufr rnisn-rurfl euorn-unrrurnudrirc:rfl *#
fiur: urifi ul *iinr:r-nIo urnr r db u e-rfu luruic-ud di{uisrnr:rhrerronr:
manorrrioinxT nr: ruun iurrtrlcoorfuar:r,rl-luiinrJ:rrlriurrnrJg-fiirr
::uir r nriu orun riun:*rirdua.r ul urinn.riua u1ra a nlsn'r:rfi i{um ur:nr-ili
Iaog:rrrnoJn:nir-aGura: r,riu n::uondaur (syrings) Lis'ots1fl-Itnr:uy,l,firir
nr:6nnr1uoirdl:im:J::nouorirsruo z zin 6o Isrioulale:rlunriuorun
(NaHCq) nisrnR16luorilorue (cacq) rh ifiiu.]liun:euo66n (cH:cooH)
t r n rir ir: er u l. tr n rr u-r'iu Artdej and Tho.lgpanctlang (2OOB) t n ff ul s x a.t

rJfifiiutuiorodrr:n a r i'r ri r:J $ fii arn ofin'un r1o'trnras-nt o r n:r r.lri fi n.:
r dluudo.rua.lnrruf,*

t!luuu1610u

:;r:iuuiiifolul, uir*oduriroonrf, u z drrr lriuri i6nrrneeo.rnr.r
irrma'rnoiuo:iim:rntnr:a'nur drfi l r n:r6uo n*rd

t. i6nrrnnaoontinurerlai
't.t.:tr:rafiua:o n:ni

errroiuer:orJn:nifi lr'1unr:arinnnao.ttl'oiioL.tilnlrrir1

. l.r{ (Itrfiu::lalnrn nlitlslur NaHCor)

o unarfuloriuorri(caco.)

. ntsrirfirrrrl (n:ntoif,n 5% w/v. CHICOOH)

o rnio.rrJr$inoa + Cruuir

. ulrrl nr{ (Ertenmeyer frask) l*ro t25 l-aiia:
o nr:uondnur (syringe) uu![n'2 1]u1fl SO fiafifiB,

r inrnof {Bsaker) sula too u'R6fie:
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zlraytur.bumri{ur:r-rornm{ d r ou-r,d r lmrol - 0nrrrsr rssc

. rt{,)un-r (Gss ql!h[ xr) Urlnou*r! mumr 1nulri*trrflhurii'
!arrnm{
lfllllrt:lr8lu (Sffi rd Ctrrpl

0uJr (npae) tnrc to ieahr
thncrrln p1s15 ,511

6l6u (rorcec)

ioninrn lsprtrry

nT nl{u (prelml

rmoireoi (grunrrer)

rnrd t m:roiua:arJn:riurrrhrrihfu rmntenmor
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?r:milrrblnlniiua:n-.lolarcni 1i z ou'ld r ln:rRl - iorrrul zsss

nrni : :ir.naunrrrcoorrhn:-r.rrJ!6iul::H,i1{&1r i:nounrilorunn-ln:n
rira'lrru1

t.l i6n'rrncao,o

f,rre aunr:ne rorn-ili obti lnrnd 2),'r 1r ::n6!Inf,ullalettrr
nril ourc r: !1tu o.o2 nirr 1u'rrfi nrlu rin riuriuo rr; uaiu::r alludr rr ar a fi n

r an:rirs'!n'tur rjilra: z.m unf,a'n: ul":u::sor1x:r:ar rtlri rrurn t2s
io66s: rrrdrnarnf, nn'[m: r:naulc16urlale:rrunriuorleo.ilmnr llri
fiu::rn:erirlirrorullnoh'ifrl6u 1::r-r! o drtrier: frao r *'ru'on-urio,, t i",J..,i
t2e1fi !)ie'?ltn!1.rii*'ruur.rrhufiadrCordoodn-un::uon6aur rrnril n-*rn
or re-: u uriu m:r f, d! rtr'ar.io rn'um:ir1u al o r urir nt rfi e dl rrnfsrrdr:,rrrUtrril
otirriarialrnraln'ar: ::na rlrrf, ullaln:nunrfuorra*rrla'fiiurn-:,nrn
ira-rimuroritar u:ni rrnriu uirfi nrli!rs:rarufia#rfi addun::r.,on6sur r{r
rn:reaorlun'nrrrlsrduleuo.r ilrn:jrr',lmon1# z.m iaf, n'n: uirf, uflrrin
t or tr: : :na ubrs'ur, lals:mlnrfl orunlttrortr n : Jr: !r 0a 0.02 nir, :l r n r
r durrfiorsrarr:J::nounriuonrnmn1116lulol*:rruoriuorrrcrihuns16ul

orfuarue Lirlrnr:raaa.rsiruia:rndn 2 nfr rrionrdrrr6uus:drrturulruu
ur ctfl lrt o {un-nr'rfictttr
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2tfi:rn tramaffiuri{aumrit ild z sl-ti r urmau _ fieuran zsss

z. iimmrlrnrilngr
lrn*rrnr:6nur nr:ne aorio n rhUltn*s.liu*ri o.t rjirnora-lriuf,

yr-rl'gn:rufirr-uf,::nirLFilrllar:lurlnr:ran- nr:nrrr: tnlnrjiu.ror m:
rn6o ua:Hah':*aua: lurdoriu a:r:rilns.rirnr:neno,rrieln-rinriudc.it-n
arrrafi#tri n'nn:fir uxirigrullnr:l ju-i oa:r.Lno ur ornrr, *r roJa.,
Snorarrri nrgna-.t"-.,n-r*.'i" fnrit trr:riuriiiliarl-arJ4uiri,lilunrtol ii
ao$1un-n!iu:driunr:ror:trunr:lierrtrin-lr{-6uuua:riunr:oor,r,.ri.rlo-rna

filrlault&1r.i:H.j,r'tr.rqufumnro:.1$u'6 fnri uur:1o"rlr n.r:ns a a.l riln d u nd ua:
3.s nr uR'tmnnllirlrnr:nnno.rilu*utor rinliruuin:n{ulr.rirrliru oij:r,
Hanl?iro0a.Juo:usnrJf,uBorl,fio:: ir.uom:nona.rti,rlurqn4

ranrtio't us;oirl;luHe
1utda.:*u r:l o niirr fr!r s nr:ir-u ua: ai rrurnrrnn1rnna.r.rn1.t

irurarnni rrn In'i ur.i:uir.l It r6t-r !1aln: rcu orfu a rur lNaHcorl n-un:a
uo6fi nt, nrirdlarut alnr:rn:rriun-rd

NaHCOJS) + CHTCOOH(aq) -+ CHTCOON4aq) i HrO(t) + COdg) (1)

rrnr!nr:!*r,re"u rJ fi fit ur ra ifi rficliur:lirn f,olrra-ul u a€ rn c
(cHlcooNa) ir 1xro1 ua:u6aarfuotleaanlod 1cory riuar:n6anin+i rrn
nr:n en o.lo-lndrl rtrarlr:oinnrriilt n n-ur:lfltnnr::-nrJilrarto rufi a
nriroulnoonlrifirn-er{ula'1ar1r'n::rondnurdrr ririuo n:nir-e ilra:fiur
kii'ru sr:r.,fi 1 [nfl r imnr!sJurierrri!orlnsanlldnrrfismnrlgn-irn::nir.r
rirdumrt ( iu.rij 2.m u'sr.ifie:; ua:Iu6ul1-ala:nunriu arun i".l1r..ln;u
{rralunr.iyroeoruin:nrllrri.ln:r :;rirrirninro.tt.lrlnirrliurn:lolufrn
nrfuoulaoonlsi mnrnxfi r r:rfi ulo.irriaa.:rlilre:,irfi"erul1ii4 z fi af, ia:
rjiure:lorunjenrfu o u1c as nkdn'rfi nduc:duod n-u tlino.r ari rri fi11- tunr:
naaa.rri:rniu rnraLrirritrfmo.rr.rrflriurndu rtrwi 0-02.0.r+ ni, ,r'r.i.ll1;-r,
loruria*,1iu auloo onlqfifir'nlnirirurndunrldrn-r.: uanri.r lurirre-rndr:d
n.rr,lriuer:drstar.lix..rtu (timiring rsaqentl ri:urira'lmltrfllertrturnrfiux o

laxcass) ritrnxlufllrrjr nrtrnqo,rtia:nr-llr.;-,dt:iri.rrirnralurld:*firl6a
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irrlilntoff,rgsiua:a-rnumsfff # z u-u# r umsl -:l-outru zssg

rT nrJ4'ffiur riamru/arhnr:neasriotJt4ou.; Icor*uGurur,n{luiurrnru Hr.Ji.l
ri'rnrinra,rr.r*lui?r o. i6-0,26 nil rJ?urr:un-roriuor.iea a'nltinrfi cdui
uurLiun.rd o'rul5.rr:lr'nrrfiur.Fiurr*n]urndufi nur rrarir lrirle-lndr:d
rlrc'rrr!rtrixc'r:riruun:Jilrru d.rrrerr{nsiurf, ucrtfi :lrnrfiqx ounu r:r
a1u'rr orfl toar rt &! o.rrlfifii urlior e nja-r:nora'r rhrJ$fi3ulr o 6n-trle.rrn aen-s
rsJnl fijunr:rU6uuuJara o.rorrrf,t unn:rr,lnjunerlunrxfi : rrir nrrl
,hurl 0.11 ni:: rflurirurinrl-r fifiiurn o6n'l n:orir fusrus iliurar z.J
io66n: ufrle"rjiure:r: orufinnriusrlnoo nlgri Cruru 12 nin66r: r,unr.r
n o a a r fi ldlu d : u dLir a n'l n n-r 6 o r rir.r ri r il lc*r r n.r r r I {u x a.r Artdo, and
Thongpaflchaflq (2008 )

_ rxio 6nnr ilr rtta-uviuf,r a l r.l4-fi i lr :: u ir I er.:rl:: neuo riu s ru s du n:a
ilrr'!arur r:rilr:la'uuliolarar: :;nouRriuorunrrnlsr6ort1ale:rru
orfiroruntilunal6arnriuorun t.rnriu rTrnr:nseo{luu-nror:r:iurfi urn'uyi
ndrrun*rl*nr:nn a orr:u.irclsrn-r ulalal rrrorfu oun n-u nrnrir n'umttl n unr:
rnfimnrJfi 6ilr::n.irluns16uunriuorus (Cacc\) n:r.ln:ouoifi nmnriri"l*rus
tuunJx

CacoJs) + 2CHlCOoH(aq) -) (CHrCoOLca(aq) + t"l2o(t) + Colg) I2t

uiurl'urn-u fl fiiurro.rnutn-urirduaror ar:rf, arinr{irficdurrnrJ!fiiur
:!r'irruan16uunlfu0ruo (cacor) n-untcuo6inrrnilidlarlm:le-rn6olo.r
usaritruua6rnn ((cH:coo).rca) rir 1.tro1 un:un-eorfuuuln la nlti 1cor1
i1:1rrr 2 uaai iuro:l ol ufi'nnriu ouln oo nls in'rfiarnrJfifiiur::rir.:
ira'rmur ( irl1f, : 2.m isf, fi e:; ue:un*16altrfuorun r.lnr.lu{..,"urrlrir.
r r"r I n :r y.l : : u i r.l ri ru rin r a r r n n 16 l u n riu a rl n tir i r r n :l o I u n, a
enir-,ou1a o onlrintrfi naju
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11:E1iluBun1fff,iuo;e-.rorLnrsai ivr' z qu-!n' r nl1nr - finrttuu asss

*r:rrd r ilrs:r a.rurinoriu a ulnaanlr6fi rfi ntrnrj5fiior:tu.irr r.lduo:
rl't sitts-tur 1ililro: z.oo fiafi6n:1

RT'rrl NeHcO, {g)

1

2

3

4

5

6

I
E

I
10

1'l

12

13

t.l

0,oo

o.o2

0.04

o.o6

0-oB

0.10

0. t2

0_14

0_16

018

0.20

o_22

0.2.r

0.26

0.m

6. 5{l

13.m

18.00

24.fi
30.m

35.m

4 t.50

42.m

41.50

42.N

42.m

42.m

42.00

0.00

6.50

,3.O0

t8_50

24.O0

3).00

35_50

{0.00

41,50

12_OO

4t-50

42_OO

42.00

42-OO

o.m

7.50

12.50

t8.00

2{.00

30.00

35.00

41.00

42.00

42.00

41 .50

42.00

42.00

42.OO

o.o0

6.43

12. ttit

,8.1 7

24.17

30.m

35.17

40.&t

4r.83

.'tl.&l

.a 1.67

{2.m

t2.m
42.fi

0.00

o.58

0.29

0.2s

o.29

0.00

0.29

o.77

0.29

0.29

0.29

0.00

0.00

0.oo
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Jro
tr

o-.,,(J

6€OcSOOO
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o

e

o
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10

nrnii 3 nr,,d! H-uorr,,.,, ,i.r#llrl3:,lrn'rr r,.,,-.rr'r*n (NaHCo!),,,!l
fiura:r:olufracnilo*1coon1td 1co,1 fi rfint"1fi anrrt oorunn- 305.62
rooiu nltlo-u 0.98 u:t!1n1fl

rrnntr r'r' + r;rriuloir rl.o rin: rurlu rurina o rl a l uirfi rvirn-u Jim e:
:rolufiafir-aldrrnrl4fii,r,a.runa16uunrfi.r oruan-urirdumulrlirhuhuniurr{
adrrl:6err uurlriur erufiaorfu oulc oanlt ifir,n*Cu; ii.,"*ro *rrn-uri,
rJ$n'itnto.rrurlrir:rira'us.r.rt lud:.r.-:,n'u rr,roryrrr iur u,:roJuoaGuratiuorufi
p.o?4.12 nfir; iuo:lasuffeoriuoulaaonlgdfi rfio$u!-uu.rlfrrfitdunrl
Glrrlta,lunit16uuorfuorua nsrrfia uon16olarfugnroriucr:rlryrugr.lilrru
(limiting reagent) iir*rha"umttr:luar:lrnrfiun o iercess) i otrrfisrxjlrJilr ru
taruosrdu!orfuorualrilrnnrB (o.164.20 n:-u I rJ i u r n:t o.l u dn
eriuoulqoonltdr,,'ulrlflo.rrl rirrusa.rir rirntrnrutriunr:drruaJirnru d,rs
uanr6truRrfuotuoriunrrurntfi unorrlu,r,ro.,r-,.rorrterl1eta.r 

fr 6ilr
:ri1'ir.,uoat60unrfuarrafuntnir*-rsrutTsrgrs-or 

a,n-]n-ns.l,rno.i". nr.*-o
t o r n : r ri rj l-n t : t rl a' l g u :l n +:r o l o : r ut-u r r n n rr rJ - rr,, r ;.' r rf 

^ 
rll _" _,C m

nriuarun ryirn-r.r o-og niu riuroe l uofiuaerfiolnrfr o,ua rhrl4-fiiuua6n_u
{r du or or z.oo 0of, 6e: uirlc-rji ur*:l o I ufi.s nrfu sula a a nlri t u.r* eo.s
fi aa'6e:iurruflx-nf fi lc"mnrJ4-6iur:c$. jr,!uRn16uuRritsurnun:ruoi6n
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21Ta-lftturiufi'rfiflius;iloriarani flr' z ru-rn' r un:1nr - 6nuruu zssg

tu'tadlnn'rfiu.:n-u rrtriiol sr Fagertund. zev6nhovsn. Huld*r. and Stidsrg6rd
(20r0)

nrrrod z uasr tu'n:r o rurisorfu sulo o onlsfdrfi nlrnrlfi i-:ur::u.jr.r
fl1liutr1ur ( ixlor 2.oo fisf,f,a:y unrurrnrfiuuRri:.lorua

arirYr NaHCO, (g)
CO: (mL)

I

2

4

5

6

7

8

I
t0

t1

0.m

0_02

0.04

0-06

0_08

0_10

0.12

0.14

o,16

0rE

o.al

0.m

5.m

Lm
13.m

16.00

16.50

19.50

20.*
20.50

20.50

20.50

0.m

5.00

9.m

12.50

1E.00

19.50

20.00

20.50

20.s0

20.50

0_00

5_@

9-m

13.50

16.00

16.50

20.00

20.50

20.9,

20.so

20.9

0-00

5.00

9_00

l3-m

15-83

1€.:{t

19-67

zo.3:t

20.50

20-50

at-50

0.00

0.00

0.00

0.50

0.29

0.29

0.29

o.29

D.m

0.oo

0.oo
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?1rc1rruxgfi1frsiua:a-rn uarraf ffi u q!-ufi r rn:rRl - l^nuruu zssg

ooooo

0.00 0.05 0.10 0,'15 0.20 0.25

CaCO, (9)

J15
E
-* r0

o(rs

nrnfr I n:rr: x.iuS::u'ir.lrlrrarinlo.luoordu u*rf!ar*it (cacor) n-u!ilrnnar
{ r . -- ) ;unf,ntilruloo onkd (cort rir ofrutianrr: oruunfi so5.6z rnniu

a11ln'$ 0.98 lJ::u1n1fi

r j . r; - .t01nglanltilfn aBB$1JnDJ !TtJts i unnfii:ua u tfi0 a n l,r6 r]tnoXll ra 1o
-. :arrnu-riruo ndr.rnit fi.1ul"irrhurinn DJn'l: : rnouRrfus runua ldiuro:r o.t

-;--! . 9 iJj - ;.*rd:lrr aro:l-rirryirtirr n-1firfi a.l lrrr noh:r dru Il Rl o.: m:firrirrhil fl fiturlu
mrnr: ro u-lrjrrjrd'u ndrrfio l*nunr:rl (1) NaHCor rhrJfiffiurnodril cHrcooH

ludrr:r rir ull n rflu r:1 iitununlrfi (z) cacor rlrrJfl'fii ur x od riu cH]cooH lu
f,ir:riirulrrn rf,r" t :2 or ltlro'r.r nriliu tfahidrrrr uLinl a.l rrriua ru alr*r]ir: r rufi

rrl r ri-u rJ fi fi i r r r 1 n NaH c o! { Jk'n :o rir a'l nr u t ri o u n.j r r fi r u l a 6r rff a ufi'a

nriroulo o onlrrirrnn'ir unll'rlirrnrrf, u a o.r rtito,r urin nrir:a r+1o o onltrifi1d
- t.n'lnulnl u'lT EJ cacor nu nlrlll1du.1']bt

nl u] RJnlnrfrlul rn:rflft 0J1r lu fr'tfq luy,aJr- uu un r5u ulfi8J !0!I!ErT.r
.. ! a!- .i d rD'llJfl t-llaJ 0.tUU11f, BJlT?fr nOUn5tu uil:rr']',iDJUAd1U1UU'ln ufl r50udluluo lj-

i,
ftl'ruRu ttf, anr:truutnzuniratll0tlrrfl tS Jn'lu s r+tD.t amtrrln lfl-i-n1t l!=ud!n1:
.rei--itduinurrnia.r n-a r:rJinuratRai a aasi ruil-nhioruir uiorn-o ulun ii! mnnlT

flrrlrnJlu fnrilrrud n: nii I n1xiro d1utsfilrrurh r 1 firfiurl-o.llrn !ff:ur
tn Hs nr:nfi R 0, 1 lfl! rr?1r fia nn&0{ n! r qrJ4 flTuRErin15ouil rinuEi lrloturll
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?1:fr"riuuBufr1f,afus:f.rfi uaraai ityr' z qu-ud 1 rnl1f,l - fiouruu zssg

tiuu rrnnr:n-trnnxqfin:: ura,rrinriou xu.jr nr:r ala nrnln.flnduo:r ufRrtr
rdrhtr nn q ufi fi 6u ul.r fi rh u:ir o1u'rinri uur fi no:rrio rr urrirhrd!n riu nr:ur
ar:druuorfilrru nr:ru6o uR:drurrurrHrlo'iouat

e: rnntiio-u
i-r

rn:rraa a.r fi ::[0lrig rir{ lrnlunr:R1;fl uB:0i!1uEn:rlruuo ilr orlos

aT a'urJ!'fiiurmn fi11fi filuiindr:{rr-u::r,irIar::J:lnatnrflarus n-unrn:.
r n*u nrul tr n nm u a-l n'l f, :su.ir,r ilr nrnr:lu R ! n.trlfl ifi rfi oida r r:t nur: n

,l.u', *raio ouroto.rrJfi fii urla-rrnooriaa a r n rr r.hia-nrl r..ld uu url n.r,l a.lnrur'u
rfi ouJi ur*fi ur.t n'i.r cacosfirnBxxE r,uir ilrorufrnnriuoulooonlqoidlrirrn
Iffi':Dt::u,ir.l NaHCOT n*! ntrtu ofre- nlrn n:rr{r n"lar or rl irilri u a a rr rird.r
ro nn a"o.rriln lnurflr- uDnr.'lnii nr:riolo nralvirinduul o'a.tl'a rJ4 uTli.rtur'u
tilufrd:urrud.rtnillu'rinriuurfiorr,rur.,irlorn'urrir_,nr:urrr:rlruurr iurru
atrnia u,r:dr ur ruurlr,liio r: a:lEl'dirr'u n'',rutu nr:,a eo rtodrirr:riufiaulo

!i
dr u iu n:un:fnriurrn n::o'rg-u1u nr:fi n rrm:dru unfilr nr, [nuroxrsl:.xiou
luoatuur',

frsraxsuu;

rdo.rornuffsrflu *'r:rirfia nr;-hlunloiru a il n:nlh n r:rfil u6arin nrrirr,

:EudorioJflr'rn"TUyrr:rflriulu'airrrfirrJa.:n-unr:i1rsto.rufiaiilfiofi u0n?.rnf
d ruu n u u.r: fi11u rrnr a r!:t urnra rin'nr:rrifiutrr n.:rfiulrflnriou fiartfitasia
r.lirLro:,0 r uffrfitfio duLi r-rd n:n r:rhnr,r nn orlu*.lfiouu n Iua;n:r uoir
n.rfirx:r:f'r-ufJ*oripna'Ernr:ulriurruaorurir ni ol r;fiu riLlru r,, rflo rli..; r ... - r: - -*0 ! n1ni., u!'lnfrr{rn-a rnr:yr na aJ rhs:.ro xioln'tr orirrl:finr, nr:lu"n,rn-arJfruT

0-J,,,JLr{rfronl,Hfl!JHnlu:r}.,i1Jnqrrfiue:nrr,il[uTdrrfludo.r1t-r-trra n:ni
u.:raio.rl'adruru,rn eirLiiir r fir filrdo.li.r tio r, rnduer'r r rdun-u unn*.rni
n:r"aEul"rnr,:n rtnnr,rr,a o.rfLl:J:;, ni1:i1'r-rn-odu1u:ruitrrn n-1ei rdu
o-n:rnr:rf,h il fi fittn rn S rf, lrsll
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finfin:lnj:crng
-- ,i !-muit-i.rilln-:r-lnT:rriumllrrnlo:rnrrdrrailnrrlsno:r'l-o,rr{arllrn

.;'-HrfiE?r'ti?t'tt ']fl'tHfif llfi:fi rll9lfil8 fl I (nfl]a.) 1:s!n 3 (1,r.fi. 2555 _ 2561) r1n

sor u*u ii.le5 unrrHouifl u.lfl.r f,ni[asrnnluln 6 1xmr.y uernrnl'!1rnfi fl$!
?nl,1fr1R$t uu1lt'ttn RU0u8t1t61[

!a
lOnfl-llA,lirOn

nut.uurinura-u. 254't, rfifi rdl 1. n:.rrrxs : {rrinfilr[o'nn:rrirpr-nri
Andaj. R. and Thongp€nchang- T- 2008.'A D,amatic Classroom Demonstratior of

Limiting Reag€nt tJsing the Vinegar and Sodium Hyd.ogen Carbonate

Raac6on-- Journal of Chomical Educrtlon. S5(6): 13g2-1394.

Fagerlund. J.. Zevenhoven, R.. Hutddn. S-c. and Sdlergard. B- 2010.

'Gasometric Determination ot COr RBleased from CarbonatB Materials-

Joumsl of Ch6mlcal Education. Bl(j2l: lglZ-1316.

Karakstis. K. K-. and Van Heckc. G- R. 2OOO. Ghomistry connGctlons: Th6

chemlcal besis of sveryday phonomena. London: Acadsmic press.

Nyasulu. F.. Paris- S.. and Badag. R. 2009. "Wash Bonle Laboratory Exercises:

Mss of NaHCOT in an Alka-SelEer Tablel Molar Mass of COr, and th€

ldeal Gas Law Constanf- Journal of Chomicat Education. 86(7): S42.g44.

Prok$. M. and Tothovi- A,2006.'UslrE Balloons ror a Oramatic pre€entation of

the A.id-Bicarbonale Reaction'. Journal of Chemical Education. g3(10):

1471-1472.

Yu. A. 2010. "Exploring the ldeal Gas Law through a Ouantitetjve Gasomstric

Analysis of Nitrogen produced by the Reaction of Sodium Nirrile \eith

Sulfamic Acid'. Journal of chomicat Education. 87(12): 1369-1371.

- 159.



151

z1rmrrtuuui1flf,iun;n'rnlarnni i# z oriud r unnr - iouru* zssg

&1':lJ O

Page

* unietroinri.rflo 'f,rsrruririrlz'r- tdr t un:rdl 1.....,...-.,.-.............1

ar-at n'trtn-a

'l nr:n'i:nsmnrxrd,r (n-l flq r:lnasrotir*ftrl::mruiu" "" ""l r

Dosciiption of Dong (Kam) LaBguago in Chin'

trusi caadornou

* nti ::tiutanr:tarirla:.rnr: "lanndrerdrda" "" " "" " " - 46

lunr:rienr:t3 uunr:aou :rui:rrisu s:'ilir lal-u

Evaluation ot tho Say it Fo(wed P.oiact of tho ContGmporary

Gulluro Coursc
;a-
Ul,rle rlr8 rl rri'li

'l' nr':rlfi }Jautood nrrrirelfi aorfrn

Toachor Roform to Profosaional

urgr-rrt t:ioJtga-r/

' a-'riolalute:riln6..i. n151rn:1Eltn1o1oll8o161f, ola

ri ulnr r n'r rr-u o'nn;l oog nrr r{oiu

Co,pus Styli8tic Analysis of Suc Gratton's Alphabol Novola

07ut Ln7 111,ti:t$]$t

.i. rn:ti-uua:nielxrnalnrn:rLrte6ogrnto-nar-ninn:runn',..,..........103
'rd 'nlfi F nBl t r{! x lusi ''r u a rtni J'lLn0t!Bn 0n}t10hutl|ldn

A Rosoarch and Dovolopmonl of Oriving tilochanlsm lor

Community Wollaro: A Case Study in Thapho Sub'Diatrici,

It uang Oislrict, Phitsanulok Province

tl7f,frflf )au uR: nlttt'l AaJl!



752

rltn''rrrruEof,'rnritr*n-.touarnc{ fld z ou-::fi r ln:rel - iqlrnr zsse

m:rir-u 1io1

Tld. p.go

{'rn:lirrr::nrn::u'lnnt:n-rlnrae,rrr1lr1ro.-........--.......-..............t26

lxnr:riuxr;rio$6s: {!rD{!1nu$l.yrronrrr.:u*iuu uieufi an-u

Utll,lg Litsralurs Circles to Profiot. Rofleciivo W.itiog Abitity:

A Porspoclive on tho Co-opeativo Lsarnang Approach

Paoida ilonyanont

t' nr:arinneaoortidruxsGrrr*Iauliar:raihf,iqrl.i:drr-l.......r+z
Exp€rimootal Domonstration o, a Limiting Reagant using Chomicals in

Daily Lite

nlriulj yrns'uari. m tr atriot, tliu or:Cr:-a, r,:n':::ru aunt.tlgo

u.?llf, D:frr-rrci

r'tru...........r00

Relationrhips bstwo€n Globaliration and Basic Valuss of Thai Socioty

fln120 tunDtr?un'



753

n.,'{il:inaun.rl]ll],]:}n.rGaufl oal{
ron'l5iloaarn1:ri,rrJfr ffi urto.rarnJ:rnauarir]r,rrriurhduu,.,u,

Touttn:ruonfiour



1.54

ntrfi ru. t oiradrlqrJ n:oiuayar :rnfi dl{lun1r eao.t

ntrfi ru.2 u-nriuutirnr:d{ar:d:cnaunr{uorun



155

nT ilfi ru.3 rinuisuueiacnciiltluJnsirirdlarutudo'lda.rkflutao:rJslli

ntrfi ni.4 rin6audoqoqrJnrnltriuiol

i

,l 
tt.l 

,
ll

1

i'5't

1.
I

I

I

/- I

-mI



r56

nfl fi 6U.5 rinGuulirnr:r!drrfi ol#ar:u'rilfr ffiurfi'u

nrrfi ru.6 dnGou#rrnenJfr ffiur n,JE&r6u!0.:*ffavr'fi nduornn:vuon6osr uayujufi n

Hanlt naa{

>.

E{l
t'

I Jr EF
\"



\

n1vifi 6U.7 rinGoulirutuuvroaourioulEuu

1.57

ntrfi ru.8 rinuEuurirtuutvroaauradrGuu

I

r-r
!r't T



t0
rJ:vihnrrilnur

d:yi6nr:lirrru

n'tu14u.l

'ib --
o"H1Un?UUU"., .. ij;:',.. - ...-lUn:lfl01U

U:U?NHlOU

rrrarrnrriuui trduau

iyrurara0:d2fin aruritrrnfi

tlr,rriyura"uur:fl : 1, fi .rt. 2552

U :y n r n fi afo :uirufi n it r6n n ;
luriuora"u:rtrYnoo:o.ri, fl .fi . 2554

I:lriuulularnSorfl

dr rn oluuql r'lur"oun::rtf, lr
Yr.n. 2554-1lolfir

n: n.fl. 1

anrufi u'r.rruiloq.iu I:rGuululqrniori

drrnoluua.: o,ruioun::rtf, lr
Iy:o-nli' oae-sSaozqa

Emait; jiroku6hotmait.com

aa'lrvuvnrruio-u quriuvri tr6uau, anrn nrrfiol, rji! or:siria, rv6r::ru orisroll,u
,'avLauo il'uilti*. .. nr:ar6nroaolar:riruunrjilrrulouldar:rni1u

6inil:vdriu,,, ?1ra.r:uuuufi ianiuava,rnlorani

td z orfud t vit: 147 _ 1s9, !n:rn _ fi{lu1ur.r 2559

158


